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We present the final nine-year maps and basic results from the Wilkinson 
Microwave Anisotropy Probe (WMAP) mission. The full nine-year analysis of 
the time-ordered data provides updated characterizations and calibrations of the 
experiment. We also provide new nine- year full sky temperature maps that were 
processed to reduce the asymmetry of the effective beams. Temperature and 
polarization sky maps are examined to separate cosmic microwave background 
(CMB) anisotropy from foreground emission, and both types of signals are ana- 
lyzed in detail. We provide new point source catalogs as well as new diffuse and 
point source foreground masks. An updated template-removal process is used for 
cosmological analysis; new foreground fits are performed, and new foreground- 
reduced CMB maps are presented. We now implement an optimal C _1 weighting 
to compute the temperature angular power spectrum. 

The WMAP mission has resulted in a highly constrained ACDM cosmological 
model with precise and accurate parameters in agreement with a host of other 
cosmological measurements. 

When WMAP data are combined with finer scale CMB, baryon acoustic os- 
cillation, and Hubble constant measurements, we find that Big Bang nucleosyn- 
thesis is well supported and there is no compelling evidence for a non-standard 
number of neutrino species (N e g = 3.84 ± 0.40). The model fit also implies that 
the age of the universe is to = 13.772 ± 0.059 Gyr, and the fit Hubble constant 
is H = 69.32 ± 0.80 km s _1 Mpc^ 1 . Inflation is also supported: the fluctuations 
are adiabatic, with Gaussian random phases; the detection of a deviation of the 
scalar spectral index from unity reported earlier by WMAP now has high statisti- 
cal significance (n s = 0.9608 ±0.0080); and the universe is close to flat /Euclidean 
= -0.0027^038)- 

Overall, the WMAP mission has resulted in a reduction of the cosmological 
parameter volume by a factor of 68,000 for the standard six-parameter ACDM 
model, based on CMB data alone. For a model including tensors, the allowed 
seven-parameter volume has been reduced by a factor 117,000. Other cosmologi- 
cal observations are in accord with the CMB predictions, and the combined data 
reduces the cosmological parameter volume even further. With no significant 
anomalies and an adequate goodness-of-fit, the inflationary flat ACDM model 
and its precise and accurate parameters rooted in WMAP data stands as the 
standard model of cosmology. 

Subject headings: cosmic microwave background, cosmology: observations, early 
universe, dark matter, space vehicles, space vehicles: instruments, instrumenta- 
tion: detectors, telescopes 
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Introduction 



Since its discovery in 1965, the cosmic microwave background (CMB) ha s played a 
central role in cosmology. The discovery of the CMB (IPenzias fc Wilson! Il965h confirmed 
a major prediction of the big bang theory and was difficult to reconcile with the steady 
state theory. The precision measu rement of the CMB spect rum by NASA's Cosmic Back- 
ground Explorer (COBE) mission ( iMather et al.lll990l Il994t ) confirmed the predicted CMB 
blackbody spectrum, which results from thermal equilibrium between matter and radiation 



in th e hot, dense early universe. The COBE detection of CM B anisotropy (ISmoot et al. 



19921 ; Bennett et al.lll99a Kogut et al.lll992l ; IWright et al.lll992l ) established the amplitude 
of the primordial scalar fluctuations and supported the case for the gravitational evolution 
of structure in the universe from primordial fluctuations. While COBE mapped the full 
sky anisotropy on angular scales > 7°, greater than the horizon size at decoupling, WMAP 
mapped the full sky CMB anisotropy on both superhorizon and subhorizon angular scales. 
WMAP provided independent replication and confirmation of the COBE maps on angular 
scales > 7° as well as the determination of precision cosmological parameters from fits to the 
well-established physics of the observed sub-horizon acoustic oscillations. 

This paper toget her with its companion paper on cosmological parameter determination 
( jHinshaw et al.l |2012| ) mark the nine-year and final official data release of the Wilkinson 
Microwave Anisotropy Probe (WMAP) mission. WMAP was designed to make full sky 
maps of the CMB in five frequency bands straddling the spectral region where the CMB-to- 
foreground ratio is near its maximum. 



The overall WMAP mission design was d escribed by iBennett et al.l (j2003d j . The optical 



design was described by 
de scribed bylBarnes et al. 



by lJarosik et al.l ( 12003al ). 



Page et al.l (j2003d ) with the feeds and pre-flight beam patterns 



( 2002h . The radiometer design and characterization was presented 



The WMAP Science Team previously issued four major data releases, each with an 
accompanying set of publicatio ns. The first-year re sults included a presentation of the 
full sky maps and ba sic results (iBennett et al.l l2003bl ). on-or bit radiometer cha racteristics 
( IJarosik et al.l l2003bl ). beam profiles and window functi ons dPage et al.l l2003al) . Galactic 
emission contamination in the far-sidelobes of the bea ms (Barnes et al. 2003^ . a description 
of data processing and s ystematic measuremen t errors f lHinshaw et al.ll2003al ) , an assessment 
of fo reground emission (IBennett et al.l l2003al). tests of CM B Gaussianity (IKomatsu et al. 
2003 ). the angular power spe ctrum ( Hinshaw et al. 2003bl). the temperatu re-polarization 
correlation (IKogut et al.ll2003), cosmolog ical parameters ( iSpergel et al.ll2003). paramet er es- 
timation methodology lYerde et al.l ( 120031 ). implications for inflation (jPeiris et al.ll2003l ). and 
an interpretation of the temperature-temperature and temperature-polarization cross-power 
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spectrum peaks fjPage et al.ll2003bl ). 



The three- year WMAP results included full use of the polarization data and improve- 
ments to temperature data analysis. The beam profile analysis, data proces sing changes 
radiometer characterization, and systematic error limits were presented in iJarosik et al. 



( 120071 ) . An analysis of the temperatu r e dat a carried through to the angular power spec- 
trum was describ ed by IHinshaw et al.l (120071 ). and the corresponding polarization analysis 



was presente d by iPage et a 



presented by iKogut et al 



were summarized by ISpergel et al.l ( 120071 ) 



J20p7j). An analysis of the polarization of the foregrounds was 
2007h . The c osmological implications of the three-year results 



The five- year WMAP results i ncluded updates on data processing, sky maps, and the 
basic results (IHinshaw et al.l 120091 ) . and updates on the beam maps and window func- 



tions ( IHill et al.l 120091 ) . The five-year r esults also i nclud ed improvements to character- 



izing the Ga l actic foreground emission (IGold et a 



Wright et al.l (120091). The angular pow er spectra ( jNolta et al.ll2009l ). likelihoods and pa 



20091) and the point source catalog 



rameter est imates (iDunkley et al.l 120091 ). a discussion of the cosmological interpretation of 



these data (Komatsu et al. 20091 ). and a Bayesian estimation of the CMB polarization maps 



( Dunkley et al. 20091 ) completed the five-year results. 



The seven-year WMAP results comprised sky maps, systematic errors, a nd basic results 



(|Jarosik et al.ll201l!) . observations of planets and celest ial calibration sources (I Weiland et al. 



201 lh . Galactic foreground emission (IGold et al 



20111). angular po wer spectra and cosmo- 



L arson et al] 



logical parameters based only on WMAP data 
tations based on a wider set of cosmological data (IKomatsu et al.l 



the goodness of fit of the ACDM model and potential anomalies ( 



20111). c osmological interpre- 



2011). and a discussion of 



Bennett et al.l 120111 ). 



All of the WMAP data releases have been acc ompanied by an up-t o-date Explanatory 
Supplement, including this final nine- year release (IGreason et al.ll2012l ). All WMAP data 
are public along with a large number of associated data products; they are made available 
by the Legacy Archive for Microwave Background Data Analysis (LAMBDA)Q. 

Each WMAP release improved cosmological constraints through three types of advances: 
(1) the addition of WMAP data from extended observations; (2) improvements in the analysis 
of all of the WMAP data included in the release, including more optimal analysis approaches 
and the use of additional seasons of data to arrive at improved experiment models (e.g., 
by trending); and (3) improvements in non- WMAP cosmological measurements that are 
combined into the WMAP team's combined likelihood analysis. 



1 http://lambda. gsfc.nasa.gov/ 
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This paper is organized as follows. The data processing changes from previous analyses 
are described in Section |2j Beam patterns and window functions are discussed in Section |3j 
Temperature and polarization sky maps are presented in Section HI In Section updated 
masks and an updated point source catalog are presented in addition to several different 
approaches to diffuse foreground evaluation, which are compared. Angular power spectra 
are given in Section [6j An analysis of the model goodness-of-fit and a discussion of anomalies 
are in Section [7J Cosmological implications are then presented in Se ction [HJ Conclusions 
are given in Section [9J The accompanying paper (IHinshaw et al.ll2012l ) presents an in-depth 
analysis of cosmological parameter solutions from various combinations of data and models 
and offers cosmological conclusions. 



2. Data Processing: Overview and Updates 



In this section we summarize changes in the WMAP data processing since the previous 
(seven-year) data release. 



2.1. Time-Ordered Data 

2.1.1. Data Archive Definition 

The full nine-year WMAP archive of nominal survey data covers 00:00:00 UT 2001 
August 10 (day number 222) to 00:00:00 UT 2010 August 10 (day number 222). Individual 
year demarcations begin at 00:00:00 UT on day number 222 of a year and end at 23:59:59 UT 
on day 221 of the following year. In addition to processing improvements, the WMAP nine- 
year release includes new data accumulated during mission years 8 and 9. Flight operations 
during those final two years included five scheduled station-keeping maneuvers, a lunar 
shadow passage, and special commanding procedures invoked within the last mission year 
to accommodate a compromised battery and transmitter. Overall, WMAP achieved a total 
mission observing efficiency of roughly 98.4%. The bulk of data excluded from science 
analysis use are dominated by time intervals that do not exhibit sufficient thermal stability. 



2.1.2. Battery- Driven Thermal Effects 



Once the WMAP spacecraft achieved orbit about the second Lagrange point (and even 
well before that), its solar arrays were always exposed to sunlight and easily had sufficient 
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positive power margin. The battery, which was required only for potential early mission 
shadows, was therefore on constant trickle charge for almost a decade. It is generally good 
for batteries to go through discharge and charge cycles. In fact discharge- charge cycles are 
are routinely executed when spacecraft batteries are "reconditioned" on the ground prior to 
flight, and in-flight to the limited extent possible. The multi-year constant trickle charge 
experienced by the WMAP batteries, combined with an internal battery design imperfec- 
tion, caused the part ial "collapse" of some battery cells in the final months of the mission 



(IGreason et al.ll2012l ). Part of the robust design of the mission included the ability to con- 
tinue to operate with several collapsed battery cells. Mini-reconditioning cycle commands 
were sent to the spacecraft to force charge in and out of the battery in an attempt to reverse 
the degradation, but none of these proved overly successful. The end result was that there 
were variations in the spacecraft bus voltage in the last few months of the mission that did 
not occur earlier in the mission. 

WMAP was designed with the dual principles of minimizing effects that might drive 
systematic measurement errors and minimizing the susceptibility to these driving effects. 
For example, the satellite was designed to maintain an unusually stable bus voltage. At 
the same time, the individual components that draw power from the main power bus were 
also designed to be unusually tolerant of input voltage variations. The dual strategy was 
tested when the battery, which effectively provided voltage regulation to the main power bus 
(like a capacitor) became the source of bus voltage variations. (There was no capability to 
command the battery to disconnect from the power bus, for obvious reasons.) In the end, 
the components proved to be largely immune to the input voltage variations, as designed. 

In addition to direct voltage variation effects, changes in the power bus and the resul- 
tant changes in component power dissipation caused thermal variations beyond what had 
been experienced earlier in the mission. Thermal variations, not the voltage fluctuations 
themselves, were the greater concern. The most disruptive battery charging events produced 
Focal Plane Array (FPA) temperature time derivatives (measured in m K hr -1 ) with peak ex - 



cursions roughly twice the conservative threshold limit established by iJarosik et al.l ( 1201 ll ); 
milder charging events fell below the nominal threshold. In contrast, standard station- 
keeping maneuvers typically produce much larger peak excursions than the maximum seen 
for battery charging. A detailed analysis of time-ordered data with sky signal subtracted 
showed no detectable dependence on thermal variations associated with battery charging, 
and thus preservation of data was preferred to excision. Out of an abundance of caution, 
time sequences that contained some of the more egregious temperature excursions (but not 
battery charging events) were flagged as suspect and omitted from use in the nine- year data 
processing even though there was no specific evidence of adverse effects. 
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2.1.3. Pointing 



For each observation, sky pointings of individual WMAP feed horns are computed using 
boresight vectors in spacecraft body coordinates coupled with the spacecraft attitude solution 
provided by on-board star trackers. After the first mission year, it was discovered that the 
apparent attitude computed by the trackers inclu des small erro r s indu ced by thermal flexure 
of the tracker mounting structure, as described by lJarosik et al.1 (120071 ) . The amplitude of the 
flexure is time-dependent and driven by spacecraft temperature gradients. The spacecraft 
temperature responds both to solar heating and internal power di ssipation, and is mon itored 
by thermistors mounted at different locations on the spacecraft (IGreason et al.l 120 121 ) . 



Telemetered spacecraft quaternions from the star trackers are corrected for this thermal 
effect at the very beginning of ground processing, when the raw science archive is created. 
Originally, we adopted a simple linear model, assuming a fixed angular rate of elevation 
change in units of arcsec per unit temperature change. As the mission progressed and 
additional data was used to improve the accumulated thermal profile history, the model has 
evolved to include angular corrections both in elevation (the dominant term) and azimuth. 
The nine-year quaternion correction model updates the rate coefficients in both azimuth and 
elevation, and uses readings from two separate thermistors to char acterize the sp a cecraf t 
temperature gradients. A more detailed description is provided by IGreason et al.l ( 120121 ). 
The residual pointing error after applying of the correction algorithm is computed using 
observations of Jupiter and Saturn. The upper limit of the estimated error is 10". 

Beam boresight vectors have been updated based on the full nine-year archive. The 
largest difference between the seven-year and nine-year line-of-sight vectors is 3". Both the 
calibrated and uncalibrated WMAP archive data products include documentation of these 
line-of-sight vectors. 



2.1.4- Calibration 



Calibration of time-ordered data (TOD) from each WMAP radiometer channel requires 
the derivation of time-dependent gains (responsivity, in units of counts mK _1 ) and base- 
lines (in units of counts) that are used to convert raw differential data into temperatur e 
units. Algori t hmic details and underlying concepts are set forth in iHinshaw et al.l ( 120071 ). 
Jarosik et al.l (120 111 ) outline the calibration process as consisting of two general steps. The 
first step determines baselines and preliminary gains on an hourly or daily basis via an iter- 
ative process that combines a sky-map estimation with a calibration solution that updates 
with each iteration. Baselines and gains are computed by fitting sky-subtracted TOD to the 
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dipole anisotropy induced by the motion of the WMAP spacecraft with respect to the CMB 
rest frame. The second calibration step determines absolute gain and fits a parameterized 
gain model to the dipole gains derived in the first step. 

The form of the parameterized gain model is based on a physical understanding of 
radiometer performance, and uses telemetered measures of instrument temperatures and 
the radio frequency (RF) biases. The model provides a smooth characterization of the 
responsivity with time and allows higher time resolution than provided by the dipole-fit 
gains. For the nine-year analysis, we augment the gain model b y adding a time-dep endent 



linear trend term, mAt+c, to the parameterized form presented in lJarosik et al.l (120071 ) . Here 
At is an elapsed mission time in days, and m, c are additional fit parameters. Physically, the 
linear trend can be thought of as a radiometer aging term. Without the addition of this term, 
model fits to the nine-year dipole gain measurements exhibited small systematic deviations 
from zero-mean residuals for ~ 20% of the WMAP channels. The four Kal channels were 
most affected; the inclusion of the gain model aging term prevents an induced total gain 
error of about 0.1% in this band. Of the 40 WMAP radiometer channels, W323 alone has 
shown poor convergence in the iterative procedure that determines dipole-fit gains. Upon 
investigation we found that this problem is peculiar to the iterative algorithm and not the 
data itself. The W323 calibration has not been substantially affected in previous releases, 
but for the nine-year analysis the diverging mode was identified and we disallowed it in the 
gain model fit. 

We continue to conservatively estimate an absolute calibration uncertainty of 0.2% (1- 
sigma), based on end-to-end gain recovery simulations. The overall change in calibration 
for the nine- year processing relative to the seven-year release is -0.031, +0.048,-0. 005, +0.041 
and +0.025 % for K-, Ka-, Q-, V- and W-bands respectively; a positive change indicates 
that features in the nine-year maps are slightly larger than those in the equivalent seven-year 
maps (i.e., a slight decrease in nine-year absolute gain compared to seven-year). 



2.1.5. Transmission Imbalance Factors 



The transmission efficiencies of sky signals through the A-side and B-side optical systems 
into each WMAP radiometer differ slightly from one another. This deviation from ideal be- 
havior is characterized in map-making and data analysis through the use of time-independent 
transmission imbalance factors. The method b y whi ch these factors are determined from the 
WMAP data was described by iJarosik et al.l ( 120071 ) . The determination improves with ad- 
ditional data. These factors have been updated for the nine-year analysis and are presented 
in Table [TJ The nine- year values compare well against the previously published seven-year 
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values ( jJarosik et al.ll201lf ) within the quoted uncertainties. 



2.2. Map-Making 

2.2.1. Standard Map-Making 

The standard WMAP map-making procedure is unchanged from the previous release 
and the resulting maps are used for the core cosmological analyses. Progress has been made 
on the algorithm for estimating the noise properties of the maps. The Stokes I noise levels 
(o"o) are now more self-consistent between maps at angular resolution r9 and rlcEl than they 
had been previously. Another difference from previous analyses is that this procedure now 
determines the noise in the polarized maps from the Stokes Q and U year-to-year differences 
while including a spurious ("S") map term, and a mean monopole is subtracted from each 
S map, as is done separately for Stokes I in the temperature map analysis. A detailed 
discussion is in Section |4~T1 

Data are masked in the map-making process when one feed observes bright foregrounds 
(e.g., in the Galactic plane) while the corresponding differencing feed observes a far fainter 
sky. This masking prevents the contamination of faint pixels. Previous WMAP data analysis 
efforts used a single processing mask, based on the K-band temperature maps, to define which 
pixel-pairs to mask for all of the frequency bands. In the current processing we have changed 
to masking based on the brightness in each individual band. 



2.2.2. Beam Pattern Determination 

The standard maps are used to subtract the background from Jupiter observations to 
create beam maps, as has been done in previous processing. We correct three seasons of 
Jupiter maps in the latter part of the mission for the proximity of Uranus and Neptune to 
Jupiter. Two-dimensional profiles from the newly updated beam map data are now also used 
as inputs for the new beam-symmetrized map-making procedure, described below. 



2 The map resolution levels refer to the HEALPix pixelization scheme (jGorski et al, 
r9, and rlO refer to iVside values of 16, 32, 512, and 1024, respectively. 



20051 ) where r4, r5, 
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Table 1. Nine-year Transmission Imbalance Coefficients 



Radiometer Xi m Uncertainty Radiometer x- im Uncertainty 



Kll 


-0.00067 





00017 


K12 





00536 





00014 


Kali 


0.00353 





00014 


Kal2 





00154 





00008 


Qll 


-0.00013 





00046 


Q12 





00414 





00025 


Q21 


0.00756 





00052 


Q22 





00986 





00115 


Vll 


0.00053 





00020 


V12 





00250 





00057 


V21 


0.00352 





00033 


V22 





00245 





00098 


Wll 


0.01134 





00199 


W12 





00173 





00036 


W21 


0.01017 





00216 


W22 





01142 





00121 


W31 


-0.00122 





00062 


W32 





00463 





00041 


W41 


0.02311 





00380 


W42 





02054 





00202 



Note. - The transmission imbalance coefficients, X; m , and their uncertainties are de- 
termined from the nine-year observational data. Transmission imbalance is defined as 
Xim = (^a — £b)/{.£a + where €a,b is the loss in the A- or B- side optics. For an 
ideal differential radiometer, x im = 0. 



- 11 - 



2.2.3. Beam- Symmetrized Map-Making 



In addition to the standard map-making, a new map-making procedure, described in 
Section 14.21 effectively deconvolves the beam sidelobes to produce maps with the true sky 
signal convolved by symmetrized beams. As a result of this new procedure, the previously 
reported map p ower asymmetry, wh ich we speculated was due to the asymmetric beams and 
not cosmology (IBennett et al .1120 111 ) has indeed been mitigated in the new beam-symmetrized 
maps. In this paper we use the beam-symmetrized maps for foreground analyses, but not 
for cosmological analyses due to the more complex noise properties of these maps. 



3. Beam Maps and Window Functions 



The WMAP full beams are considered as a combination of main beams and sidelobes. 
These are treated separately in the data processing. The sidelobe beam patterns were de- 
termined from early mission obs ervations of the moo n together with pre-flight ground-based 
measurements, as described in iBarnes et al.l (120031 ). Potential contamination from side- 
lobe pickup was computed and r emoved from the calibrated time-ordered data prior to 
map- making ( iHinshaw et al.l 120091 1 . In this section, we address the main-beam response; 
treatment of the sidelobes remains unchanged from the seven-year release. 

WMAP beams are measured using observations of the planet Jupiter that occur during 
the normal course of full-sky observing. Two Jupiter observing seasons of ~ 50 days each 
occur every 395 — 400 days. In the nine- year WMAP mission, a total of 17 seasons of Jupiter 
data were obtained. Time intervals for the four observing seasons occurring during the last 
t wo mission years are p resented in Table [2j those for seasons 1-13 are presented in Table 1 
of IWeiland etaD fepllh . 



The beams enter into CMB data analysis primarily through the 10 beam transfer func- 
tions, bi, which give the beam response in spherical harmonic space for each differencing 
assembly (DA). Beam r esponse on the sph ere is measured in a coordinate system fixed to 
the WMAP spacecraft (IBarnes et al.l 120031 ). and a computation of several steps is required 
to generate bi. The nine-year beam ana lysis follows the process described previously by 
Hill et all fepQ9h and ljarosik et al.l feoilh . 



For a given DA, Jupiter is observed with only one feed at a time, so initially the A and B 
side beams are mapped separately. After correction for the static sky background, the data 
are coadded in a planar grid surrounding each of the 20 A- and B-side boresights. A physical 
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optics cod^l is used to compute beam models, which are optimized by \ 2 minimization using 
a modified conjugate gradient algorithm. Two minor refinements were added to this process 
for the nine- year analysis: first, a more rigorous treatment of the removal of the Galactic 
signal was adopted by including the common-mode loss imbalance term; in practice this 
is a small effect since strong Galactic signals are masked from use in the beam archive. 
Second, computation of the interpolated beam model utilized an increase in secondary mirror 
samplings from 200 x 200 to 235 x 235; this produced a smoother far-field tail for the W2 
and W3 DAs. 

Standard processing nominally rejects from analysis those Jupiter observations whose 
sky positions lie within a 7° radius of other planets. Table [2] shows the seasonal range of 
projected sky separations between Jupiter and planets that lie within the exclusion radius 
for the last three observing seasons. Based on projected proximity to Uranus or Neptune, 
application of nominal exclusion criteria would have excised these three Jupiter seasons 
from use. To preserve the ability to characterize the beam response during the latter part 
of the mission, we chose instead to correct the last three seasons of Jupiter data for excess 
contributions from Uranus and Neptune. Excess response from these planets is computed and 
removed from each Jupiter observation assuming that the response to Uranus and Neptune 
may be mode l ed usi ng a symmetrized beam template with peak response inferred from 



Weiland et al.l (1201 if ) . An estimate of the magnitude of the correction is provided in the 
last column of Table El provided as a percentage contribution in excess of the uncontaminated 
integrated Jupiter beam response for each season. Observations which occur when Jupiter's 
sky coordinates lie within the confines of a spatial "Galaxy mask" are also excluded from 



use in the analysis ( jWeiland et al.ll201ll ). During observing season 14, the Galactic latitude 
of Jupiter is ~ —18°, close enough to the Galactic plane that some observations are rejected 
based on the masking criterion. Masking is frequency dependent: roughly 30% of season 14 
K-band observations are excluded, decreasing to 17% for Ka, 13% for Q and less than 0.1% 
for V- and W-bands. 

For each DA, the Jupiter data for sides A and B are combined with the best-fit models 
in a "hybrid" beam map, which is used to construct the symmetrized radial beam profile, 
b( 9). A Legendre tr ansform gives bi. The beam hybridization procedure is described in detail 



by lHill et al.l (]2009[ ). Essentially, the process edits the Jupiter TOD by replacing faint, noisy 
Jupiter samples with noise-free predicted values taken from the 2-dimensional beam model. 
This process is controlled by one parameter for each DA, the threshold gain, 5 t hresh: all 
observed beam samples with gain lower than -Bthresh are replaced with their counterpart 



3 DADRA: Y. Rahmat-Sahmi, W. Imbriale, & V. Galindo-Israel 1995, YRS Assocates, rahmat@ee.ucla.edu 
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model values. This test is applied to the model samples, rather than the observed ones, in 
order to avoid bias from observational noise. -Bthrcsh is optimized statistically for each DA 
using a Monte Carlo method, whereby uncertainty belonging to the beam model is traded 
against the noise in the observed data points. The figure of merit to be minimized is the 
uncertainty of the resultant solid angle in the hybridized beam. For this purpose, the error 
in the model is assumed to be a 100% uncertainty in the overall scaling of the low-sensitivity 
"tails," which is the only portion of a beam model that is used in the hybrid. For the nine- 
year data, -Bthresh is set 1 dB lower than for the seven-year data; values are 2, 3, 5, 6 and 9 
dBi for K- through W-bands, respectively. 



Hill et al.l ( 120091 ) give the procedure for transforming the hybrid beam profiles into beam 
transfer functions. This computation also yields main beam solid angles and estimates of 
the temperature of the Jupiter disk. Beam-related quantities are summarized in Table El 
The last three columns list quantities that are valid for a point source with spectral index 
a = —0.1 (flux F v oc u a ), typ ical of sources in th e WMAP point source catalog. They 



were determined as described in lJarosik et al.l (120111 ). except a small correction for bandpass 



drift was included in the calculation of effective frequency for K-, Ka-, Q-, and V-bands as 
described in Appendix |A] 

The nine-year and seven-year bi are consistent with each other, although the bi for W4 
is about 0.6% higher in the nine-year analysis than in the seven-year analysis for I > 100, a 
shift that is at the edge of the error band. 

The error bands for bi are computed using Monte Carlo simulations of the beam ma p 



hybridization; details of the simulations follow the description provided in lHill et al.l ( 120091 ). 
As Jupiter observations have accumulated over the WMAP mission lifetime, the contribution 
of the model tails to the hybrid beam has become less important. The nine-year hybrid beams 
are data dominated: for each of the ten beams, less than 0.25% of the integrated hybrid beam 
response is attributable to the model tails. 



4. Map-making 
4.1. Standard Map Processing 

4-1.1. Individual Band Processing Masks 
The algorithm used to reconstruct sky maps from differential data masks sel ected obser 



vations to minimize artifacts associated with regions of high foreground intensity. ( iJarosik et al 



20111 ). Observations for which one of the telescope beams is in a region of high foreground 
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intensity gradients while the other is in a low gradient region are only applied to the pixel in 
the high foreground region as the map solutions are generated. This 'asymmetric' masking 
suppresses map reconstruction artifacts in the low foreground emission regions used for CMB 
analysis. These artifacts arise from small variations in the power sampled by the telescope 
beams for different observations that fall within the same map pixel. The variations result 
from a combination of the finite pixel size and beam ellipticity that both couple to spatial 
intensity gradients. A processing mask is used to delineate the regions of high foreground 
intensity gradients. Previous data releases used a common processing mask for all frequency 
bands based on the K-band temperature maps, even though the foreground intensities vary 
greatly by band. The current release uses different masks for each frequency band and 
therefore utilizes the data more efficiently. 

Masks for each frequency band are generated using an algorithm that estimates the 
magnitude of processing artifacts in each r4 pixel given the WMAP scan pattern, a candi- 
date processing mask and the seven-year map of the sky temperature in that band. The 
magnitude of artifacts, £, in a resolution r4 pixel, p±, is modeled as proportional to the 
mean magnitude of the temperature gradients within all the reference pixels used in the 
observations contributing to the original pixel, 



f (P4, n) 



w n {p B {i))\VT{ PB {i))\+ u>n(pA(i))\VT(p A (i))\ 

PA(i)=IM Ps(l)=P4 

N to t(Pi,n) = ^2 w n {p B {i))+ ^2 w n{PA{i))- (2) 

PA(«)=P4 Pb(«)=P4 

Here p A (i) and are the r4 pixel indices for the A and B side beams for TOD observation 
i, w n represents a candidate processing mask with n pixels masked, and the sums are over 
observations for which the A-side beam and B-side beam point to pixel p A The proportion- 
ality constant a was evaluated as the amplitude of the response for each telescope beam as 
it was rotated about its axis while viewing a uniform temperature gradient, yielding values 
from 0?032 to 0?087 for the different beams. The magnitude of the temperature gradient in 
each r4 pixel is approximated as the standard deviation of the r9 pixels comprising each r4 
pixel 

|VT(p 4 )| ~ Mvarfcge^-a 2 ^)] 1 / 2 , (3) 

a ll N obs(P9) 

° M = jj-j , (4) 

p9Gp4 

where the last term in Equation ([3]) removes the bias introduced by the radiometer noise, 
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do is the noise for one observation and N b s (pg) is the number of observations in r9 pixel pg. 
The constant /3 ~ 1.1 deg" 1 for r4 pixels. 

Figure [T] shows a map of £(j>4, 0) for the Kal DA with no pixels masked in the candidate 
processing mask (n=0). The highest value areas in this map correspond to regions that 
are ps 140° from the Galactic center corresponding to the spacing between the WMAP A- 
side and B-side telescope beams. Processing masks for each frequency band are generated 
iteratively starting from an empty mask, n = 0. The r4 pixel added to the candidate mask 
w n at each step is that which produces the greatest reduction in the mean value of £,(p4,n) 
for the current value of n. The value of £ is then recalculated with the updated candidate 
mask, w n+ i, and the process repeated. Figure [2] displays how the maximum and mean value 
of £(^4, n) vary as pixels are added to the mask. The mean and maximum values decrease 
rapidly as n increases and asymptotes to an approximately constant value for large n . The 
value maximum values in the asymptotic region is calculated as 

max£(j>4,n), (5) 

Pi 

£ max (n), 180 > n > 360. (6) 

These steps are executed for each DA and masks for the Kal-, Q-, V-, and W-band DAs are 
selected by choosing the smallest value of n for which ^ max {n) < 1.15 ^^ x . This criterion 
was selected by requiring that £ < 5/iK for Ka-, Q-, V- and W-bands and that the resulting 
Q-band mask have approximately the same number of excluded pixels as the mask used 
in earlier data releases. The mask created in this manner for the Kal DA is the final 
processing mask. Masks for frequency bands with multiple DAs are formed by merging the 
individual DA masks such that if a pixel was masked in either of the DA masks it is masked 
in the combined mask. The K-band processing mask requires special treatment due to the 
brightness of the foregrounds. Applying the criterion above yields a very large sky mask 
that leaves many pixels with few or no observations causing convergence problems in the 
conjugate gradient map solution. The adopted K-band processing mask is the largest w n 
formed with K-band inputs for which the sky map solution converges for all years except year 
2. Year 2 is particularly problematic due to the location of Jupiter. Achieving convergence 
requires selection of the u>27o mask and reduction of the Jupiter exclusion radius to 2?5. 
Even with these special considerations the size of the processing mask is still substantially 
larger than used in previous data releases and should result in reduced artifacts. Table H] 
summarizes the mask sizes and planet exclusion radii for the nine-year maps. 



£ max (n) = 

max 

sat 
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Table 2. WMAP Jupiter Observing Seasons (2008-2010) 



Season a 


Begin 


End 


Nearby Planet b 


Projected Separation 


% excess d 


11 


2008 Aug 21 


2008 Oct 06 








15 


2009 May 17 


2009 Jul 03 


Neptune 


0.4°- 2.4° 


0.4 - 0.2 


16 


2009 Sep 26 


2009 Nov 10 


Neptune 


3.8°- 6.8° 


0.08 - 0.0 


17 


2010 Jun 24 


2010 Aug 10 


Uranus 


0.5°- 3.1° 


0.9 - 0.4 



a An observing season is defined as a contiguous time int erval during which an object is in the 
WMAP viewing swath. Observing seasons 1-13 are listed in lWeiland et al. I 1120111 ) 

b Jupiter sky coordinates are in proximity to those of the planet listed. 

c Seasonal range of projected separations between Jupiter's position and that of the other planet. 

d Estimated excess integrated beam response, in %, that would have been contributed to the 
Jupiter beam by contaminating planet, if no correction had been applied. Provided as a range; the 
first number is for K-band, the last is for W-band; other frequencies are between these two values. 





0.0 mK 0.1 

Fig. 1. — Estimated level of artifacts (£) that would occur in the Ka-band map if no process- 
ing mask were used in the map reconstruction algorithm. The map is in Galactic coordinates 
and the high intensity regions arise from observations when one of the beams is near the 
Galactic center. (See Figure fT71 to compare with the analysis sky cuts.) 
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Table 3. WMAP Nine- year Main Beam Parameters 



DA (sr) (%) (%) (dBi) (GHz) (sr) (jiK Jy- 1 ) 



For 10 Maps 



Kl 


2.469 x 


10~ 4 


0.5 


0.1 


47.07 


22.69 


2.522 x 


io- 4 


250.6 


Kal 


1.442 X 


io- 4 


0.4 


0.0 


49.40 


32.94 


1.465 x 


10~ 4 


204.9 


Ql 


8.815 x 


10~ 5 


0.5 


-0.2 


51.54 


40.72 


8.934 x 


io- 5 


219.7 


Q2 


9.113 x 


IO" 5 


0.5 


-0.1 


51.40 


40.51 


9.234 x 


10- 5 


214.8 


VI 


4.164 x 


io- 5 


0.4 


-0.1 


54.80 


60.09 


4.226 x 


io- 5 


213.3 


V2 


4.236 x 


10- s 


0.4 


0.1 


54.72 


60.96 


4.283 x 


io- 5 


204.5 


Wl 


2.038 x 


10- 5 


0.4 


-0.2 


57.90 


92.87 


2.040 x 


10- 5 


185.0 


W2 


2.204 x 


10- 5 


0.4 


0.2 


57.56 


93.43 


2.203 x 


io- 5 


169.2 


W3 


2.135 x 


io- 5 


0.5 


-0.2 


57.70 


92.44 


2.135 x 


io- 5 


178.4 


W4 


1.994 x 


io- 5 


0.5 


-0.6 


57.99 


93.22 


1.997 x 


IO" 5 


187.6 



For 5 Maps 



K 


2.469 x IO" 4 


0.5 


0.1 


47.07 


22.69 


2.522 x IO" 4 


250.6 


Ka 


1.442 x IO" 4 


0.4 


0.0 


49.40 


32.94 


1.465 x 10~ 4 


204.9 


Q 


8.964 x IO- 5 


0.5 


-0.2 


51.47 


40.62 


9.084 x IO" 5 


217.2 


V 


4.200 x IO- 5 


0.4 


0.0 


54.76 


60.52 


4.255 x IO- 5 


208.9 


W 


2.093 x 10- 5 


0.5 


-0.2 


57.78 


92.99 


2.094 x 10- 5 


180.0 



a Solid angle in azimuthally symmetrized beam. 
b Relative error in Q s . 

c Relative change in fl s between nine-year and seven-year analyses. 

d Forward gain = maximum of gain relative to isotropic, denned as 4ir/Q s . Values of G m in Table 
2 of Hill et al. (2009) were taken from the physical optics model, rather than computed from the 
solid angle in the table, and therefore arc slightly different. 

c Conversion factor to obtain flux density from the peak WMAP antenna temperature, for a point 
source with spectral index a = —0.1. Uncertainties in these factors are estimated as 0.6, 0.5, 0.6, 
0.5 and 0.7% for K-, Ka-, Q-, V- and W-band DAs respectively. 
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Table 4. Map Generation Masking Parameters 





masked pixels 


e 




Planet Exclusion Radii (in °) 




Band 


(of 3072 total) 


( M K) 


Mars 


Jupiter 


Saturn 


Uranus 


Neptune 


K(yr + 2) 


312 


7.12 


2.0 


3.0 


2.0 


2.0 


2.0 


K (yr = 2) 


270 


7.59 


2.0 


2.5 


2.0 


2.0 


2.0 


Ka 


212 


4.46 


1.5 


2.5 


1.5 


1.5 


1.5 


Q 


201 


4.31 


1.5 


2.5 


1.5 


1.5 


1.5 


V 


125 


3.78 


1.5 


2.2 


1.5 


1.5 


1.5 


w 


98 


3.66 


1.5 


2.0 


1.5 


1.5 


1.5 




Fig. 2. — Plots of the maximum and mean of the estimated map artifacts (£) for Ka-band 
versus the number of pixels masked by the processing mask. The vertical line indicates the 
adopted mask which is the smallest mask for which max(£) < 1.15 as described in the 
text. 
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4-1-2. Summary of Standard Map-making 

The time-ordered-data (TOD), d, for a differential radiometer sensitive only to a Stokes 
I signal may be written as 

d = Mt + n. (7) 

Here M is a sparse N t x iVp matrix that contains information about the scan pattern and 
transforms the input sky signal array, t, into a sequence of differential observations, d. The 
number of time-ordered observations is given by N t , the number of pixels in array t is N p , 
and n is an N t element array representing the radiometer noise. For the standard map 
processing each row of M contains two non-zero elements representing the weights given to 
the input map pixels nearest the A and B-side telescope lines-of-sight (LOS). The first step 
in generating a sky map is evaluation of the "iteration zero" map, 

t = MlN-M, (8) 

where M^ m is the transpose of a masked version of the observation matrix, and N" 1 is the 
inverse of the radiometer noise covariance matrix, 

N- 1 = (nn 1 )- 1 , (9) 

with the angle brackets representing an average. The masking contained in Mj m prevents 
contamination of regions of the map with low foreground emission that can occur when one 
of the telescope beams is in a region of high foreground emission. (See Section [4. 1 . H ) The 
reconstructed sky map, t, is then calculated by solving 

t = (Mj m N- 1 M)- 1 t . (10) 

The form of matrix M described above ignores the effects of the finite WMAP beam sizes 
since each observation is modeled using only the value of the input sky signal nearest the 
LOS direction. The actual radiometric data is an average of the input sky signal spatially 
weighted by the beam response. Each row of M should therefore contain additional non-zero 
elements describing the signal contribution from the off-axis beam response. If the beam 
response was the same for the A and B side beams and azimuthally symmetric about the 
LOS, the observation matrix including the off-axis signal contributions, M s , could be written 
in the form 

M S = MC, (11) 

where C is an N p x iVp element matrix that performs a convolution by the symmetric 
beam pattern. Substituting M s for M in Equation ([7]) shows that in this limit the sky 
map reconstructed using Equation ([TO]) is the input map convolved by the symmetric beam 
pattern, t c = Ct. 
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Following the approach discussed above, we present the nine-year temperature (Stokes I) 
full sky maps in Figure [3j The corresponding Stokes Q and Stokes U full sky maps are shown 
in Figures H] and El respectively. Figure shows the nine- year polarized intensity maps of 
P = (Q 2 + U 2 ) - 5 with superposed polarization angle line segments where the signal-to-noise 
ratio exceeds unity 



4-1.3. Noise Characterization of the High Resolution Maps 

The noise in the r9 and rlO maps is described assuming the radiometer noise distribution 
is stationary, has a white spectrum and is normally distributed. With these a ssumptions it 



can b e shown that the noise component of a Stokes I sky map, t n , is given by ( jJarosik et al. 



20111 ) 



t n = (M T M)~ 1 • M T n, (12) 

where M is the mapping matrix as described in § 14.1.21 and n is a vector of normally 
distributed random numbers that characterizes the radiometer noise, 

(n) = 0, (nn T ) = a 2 I, (13) 

where the brackets indicate an ensemble average and o"o describes the noise amplitude. The 
pixel-pixel noise correlation matrix is then 

S = = (IVFM)- 1 . (14) 

Ideally the value of a is obtained by evaluating 

a 2 N ptx = {tlX-Hn), (15) 

where N P i X is the number of map pixels, but such a calculation is intractable with high 
resolution maps. In practice only the diagonal elements of Equation ([T5"|) are evaluated. 
Since 

S" 1 = M T M (16) 

the diagonal elements of S" 1 are simply the number of observation^ of each pixel, iV bs. 
Each data sample from a WMAP differential radiometer is a measure of the temperature 
difference between the sky locations at the A and B side telescope boresights. Reconstructing 



4 The small correction terms arising from transmission imbalance in the radiometers, 1 ± Xi m , are omitted 
from this equation for simplicity, but appear in the next, modified equation. 



23 GHz 



Kband 





Fig. 3. — Nine- year temperature sky maps in Galactic coordinates shown in a Mollweide 
projection. Maps have been slightly smoothed with a 0?2 Gaussian beam. 
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-200 T(nK) +200 



Fig. 4. — Nine-year Stokes Q polarization sky maps in Galactic coordinates shown in a 
Mollweide projection. Maps have been smoothed to an effective Gaussian beam of 2f 0. The 
smooth large angular scale features visible in W-band, and to a lesser extent in V-band, 
are the result of a pair of modes that are poorly constrained in map-making, yet properly 
de-weighted in the analysis. 
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-200 T(nK) +200 



Fig. 5. — Nine-year Stokes U polarization sky maps in Galactic coordinates shown in a 
Mollweide projection. Maps have been smoothed to an effective Gaussian beam of 2f 0. The 
smooth large angular scale features visible in W-band, and to a lesser extent in V-band, 
are the result of a pair of modes that are poorly constrained in map-making, yet properly 
de-weighted in the analysis. 
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T(m-K) 35 



Fig. 6. — Nine-year polarized intensity (P) sky maps in Galactic coordinates shown in a 
Mollweide projection; P = (Q 2 + £/ 2 ) ' 5 , where Q and U are Stokes parameters. Maps have 
been smoothed to an effective Gaussian beam of 2?0. Plotted line segments show polarization 
angles for HEALPix nside = 16 pixels where the signal-to-noise exceeds 1. 
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a map from differential data involves two different pixels for each observation, a pixel that 
is being updated and a reference pixel. The noise in each pixel therefore has contributions 
both from the noise in the radiometric data for each sample and noise in the value of the 
reference pixel. If cr represents the radiometer noise for an individual sample, the noise 



contribution from the reference pixel is approximately <tq/ a/ N a b s (p) , where N„b s (p) is the 
number of observations used to calculate the value of the reference pixel, p. As the map 
resolution increases the mean value of N Q b s decreases, making the reference pixel noise more 
significant relative to the radiometer noise. The omission of the off-diagonal terms in the 
evaluation of Equation (]15|) ignores the contribution to the noise from the reference beam 
pixels in the evaluation of a^. This effect is evident when the &q values for r9 and rlO versions 
of the Stokes I sky maps are compared. The o"o values from the rlO maps have values from 
0.3% (W-band) to 1.5% (K-band) higher than those obtained form the corresponding r9 sky 
maps. The low sampling rate of the K-band radiometer results in lower N Q b s values and 
hence the largest effect. 

A more accurate determination of o"o can be made by equating the diagonal elements of 
Equation ( |14p since these quantities are directly measurable from the sky maps. The diagonal 
elements of S may be calculated relatively simply given two well justified assumptions: 1) 
The sky map noise is uncorrelated between pixels; and 2) The reference pixels associated with 
each main pixel are distinct. With these assumptions diagonal elements of £ are estimated 
as 



1 "I - •£im) X v / / -w (1 -^im) 



V w{p B {%)) - im ' + V w(p A (i)) — -— 

. ^-i 1 + 1 N ohs (p B {t)) . ^-i 1 + I N ohs (p A (i)) 

hPAW=y i,PBW=y 



(17) 



where i is a sample index of the TOD and the sums are over observations for which the A- 
side and B-side beams observe pixel y. The processing mask is represented by w, which has 
value zero in masked pixels and unity elsewhere. The 1 ± Xi m factors are corrections arising 
from the transmission imbalance factors and N b s represents the number of observations 
contained in the reference beam pixel of the sky map. The 1/N f, s terms in the denominators 
increase the value of S y y to account for the additional noise arising from the reference beam 
pixels. In the limit where N Q b s is very large for all observations the value of ~S y , y is simply 
l/N obs (y) = l/E"*. The values of <t obtained from r9 and rlO Stokes I maps, evaluated 
using diagonal elements of Equation (fT4|) . agree to ~ 0.05% with the worst discrepancy being 
~ 0.1%. This is a significant improvement relative to the former method. 

The N b s fields of the nine-year r9 and rlO sky maps now contain the reciprocals of the 
diagonal element of the S matrix as it is now considered a more accurate measure of the pixel 
noise. This change allows the map noise in each pixel to still be calculated as N = cr / V N Q b s 
providing that the values of ctq published with the nine-year analysis are used. Because the 
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o"o values computed from rlO maps differ by less than 0.1% from those computed from r9 
maps, the r9 values are adopted for all WMAP nine-year analysis. 

These methods have been extended and applied to the Stokes Q and U maps and the 
spurious response map S. This change improved the agreement between the o"o values for the 
temperatures and polarization maps to ~ 0.5% from ps 1.1% in earlier data releases. Table 
[5] gives the nine- year o"o values by DA for temperature (Stokes I) and polarization (Stokes 
Q, Stokes U), and spurious response S. 



4.2. Beam Symmetrized Map Processing 



The WMAP telescope beams display varying degrees of asymmetry about the line- 
of-sight direction, with the amount of asymmetry related to the position of the feed horn 
relative to the center of the focal plane ( jPage et al.ll2003al ). The largest asymmetries appear 
in the lower frequency channels since their feed horns are furthest from the center of the 
focal plane. WMAP observes each map pixel a large number of times at various azimuthal 
orientations (rotations about the line-of-sight direction). The degree to which the beam 
asymmetry is manifest in the final sky maps depends on both the intrinsic beam asymmetry 
and the distribution of azimuthal beam orientations used to observe each pixel. A uniform 
set of finely spaced azimuth angles will result in a symmetric effective beam, while any 
deviations from a uniform distribution will couple some of the beam asymmetry into the sky 
map. 

The WMAP scan pattern causes pixels near the ecliptic poles to to be sampled relatively 
uniformly over a wide range of azimuthal angles, while pixels near the ecliptic plane are only 
sampled over a ~ ±22?5 degree range. This results in the effective beam shape varying with 
sky position; regions near the ecliptic poles have more symmetric effective beam shapes than 
those near the ecliptic plane. Each pixel is observed roughly the same number of times with 
the A-side and B-side beams, further symmetrizing the effective beam shape since the axis 
of asymmetry for the A and B side beams project to different sky directions. 

The WMAP functions are calculated from symmetrized beam profiles generated by az- 
imuthally averaging beam maps obtained from observations of Jupiter. All data releases 
have included a contribution from the spatially varying effective beam s hape in the calcu- 
lated window functi on uncertainties. The estimates of this unce rtainty (IPaee et al.l l2003al ; 
Hinshaw et al.ll2007l ) were confirmed in numerical simulations by lWehus et al. I feood ). More 
recently it was found with high statistical significance that the hot and cold spots near 
the ecliptic plane have a preferred ellipticity, while the angle-averaged small-scale power 
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spectrum ne ar the ecliptic plane is equal to the angle-averaged power spectrum near the 



ecliptic pole ( IHanson et al.ll2010h . We suggested that th is was likely due largely to the spa- 



tially varying effective beam shape ( IBennett et al.ll201l[ ). and in this paper we confirm that 
hypothesis. 

Figure [7] displays the supernova remnant Tau A as it appears in the year-1 K-band sky 
map. Tau A is compact relative to the K-band beam size (~ 0?82 FWHM) and relatively 
isolated, so it approximates a point source for the purpose of mapping the effective beam 
shape. The beam asymmetry is clearly seen seen in both the sky map and in the residual 
map after removal of the best fit symmetrized beam profile. The symmetrized beam profile 
was fit to the map with 6 free parameters, 3 characterizing a baseline (x-slope, y-slope and 
offset), and three specifying the beam (x-position, y-position, and amplitude). 

The WMAP nine- year data release includes a new set of Stokes I maps that have been 
processed to reduce the asymmetry of the effective beam. The processing deconvolves only 
the asymmetric portion of the beam from the data resulting in a sky map containing the 
true sky signal convolved with the symmetrized beam profile. 

A more accurate representation of the signal component of WMAP's TOD utilizes an 
observation matrix, M ns , parameterizing the total beam response, written as the sum of a 
component axisymmetric about the beam LOS, M s , and a non-axisymmetric component, 
M n , 

d = M ns t, (18) 
M ns = M s + M n . (19) 

Using Equation [11] the observation matrix may be expressed as 

M ns = (M + M n C- 1 )C. (20) 

Given this form of the TOD it is possible to solve for the input sky map convolved by the 
axisymmetric beam response, t c , by evaluating 

t c = ct = [mLn-^m + rv^CT 1 )]- 1 t . (21) 

The beam symmetrized maps contain the input sky signal convolved with the symmetrized 
beam profile independent of sky position. Figure [7J displays a map of the Taurus A region 
from a map processed in this manner. The improvement in the beam symmetry is evident in 
both the raw image and the residuals after removing the best fit symmetrized beam profile. 
These maps significantly improve the symmetry of the effective beam, but also have a larger 
window function uncertainty caused by the limited resolution and signal-to-noise ratio of 
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Normal Map Normal Map Residuals 




mK 100 -5 mK 5 

Beam Sym. Map Beam Sym. Map Residuals 




mK 100 -5 mK 5 

Fig. 7. — K-band images of supernova remnant Tau A (3C 144), at [J2000.0] position 
(05 h 34 m 31 s ,22°01') from the first year of WMAP observations. The left panels display the 
total intensity and right the residuals after removal of a best fit circularly symmetric beam 
profile. The maps generated with the new partial deconvolution processing (bottom) display 
significantly reduced beam asymmetry compared with those generated with the standard 
processing (top). In other words, the apparent asymmetry in Tau A seen in the top left is a 
result of the asymmetric K-band beam and is not intrinsic to Tau A. 
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the beam maps and numerical approximations needed to make their computation practical. 
Therefore, beam symmetrized maps are generated only for Stokes I and are not intended for 
the precise fitting of cosmological parameters, but should prove useful in foreground fitting, 
studying regions of compact emissions, and certain tests of non-Gaussianity. It should also be 
noted that deconvolving the asymmetric beam shape from the maps necessarily introduces 
additional pixel-pixel noise correlations above those contained in the standard maps. No 
year-to-year correlations are introduced, so power spectra calculated from year-to-year cross 
spectra remain unbiased, but the uncertainty of the spectra cannot be accurately calculated 
based on the number of observations (iV b s ) of each map pixel alone. 



4-2.1. Processing Details 
The beam symmetrized maps are ge nerated by solving E quation (12T]) iteratively using a 



stabilized bi-conjugate gradient method ( iBarrett et al.lll994l ). In this procedure the product 



M^N-^M + MnC- 1 )-^ (22) 

is evaluated repeatedly and the solution t Cj j updated after each iteration, i, driving the value 
of this expression to to- The product (122]) is evaluated by looping through the TOD; each 
observation corresponds to multiplying one row of M + MnC" 1 by the current iteration 
of the solution, t C) j. The first term in each multiplication, Mt Cj j, is the weighted sum of 
the map pixels values nearest the LOS directions of the two beams, corresponding to the 
differential sky signal smoothed by the axisymmetric beam response. Each row of the matrix 
M contains two non-zero elements with values (1 + x; m ) and (—1 + Xj m ), the weight factors 
for the A and B side beams. (The x irn term (|x; m | <C 1) accounts for a small imbalance in 
radiometer response to beam filling signals from the A and B sides.) 

The second term in the product of Equation fl22|) . M n C _1 t Ci j, corresponds to the differ- 
ential signal from the non-axisymmetric beam response for the current LOS and azimuthal 
beam orientations. The nonzero elements in each row of M n are the pixel weights of the 
non-axisymmetric beam response of the two beams, also weighted by the (±1 +Xi m ) factors. 
To keep the computation time tractable only contributions within a radius r s \ (30 mrad for 
K-, Ka-band, 26 mrad for Q-, V-, and W-band) of the LOS of each beam are used. The 
circular regions contributing to the signal for the A and B beams do not overlap, so their 
contributions may be calculated separately then summed. 

The matrix C _1 performs a deconvolution by the symmetrized beam pattern. It is 
therefore rotationally symmetric and the product M n C _1 may be evaluated once for each 
beam, forming convolution kernels Ka and Kb- The contribution of MnC^tcj for each 
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beam is then evaluated by mapping these kernels to the corresponding pixels of t Cj i for the 
LOS and azimuthal orientation for each observation and summing their products. 

Figure [H] illustrates the steps used in forming the kernel for the Ql A-side beam. First 
(in panel a) a map of the non-axisymmetric beam response, M n , is formed on a Cartesian 
grid by subtracting the best fit symmetrized beam profile from the total beam profile in 
Equation (IT9l) . Next the product MnC" 1 , is evaluated by performing a Wiener deconvolution 
of M n . A Wiener deconvolution is used to minimize the impact of noise on the deconvolved 
map. (In performing the Wiener weighting the signal component of the result was assumed to 
be proportional to the input, M n , while the noise was assumed to be white and its magnitude 
obtained from portions of the beam map far from the LOS direction.) Even using the Wiener 
weighting, some noise remains in the deconvolved maps at relatively large radii from the LOS 
direction. A cosine apodization function is therefore introduced to smoothly taper the value 
of the kernel to zero at radial distance r s \ from the beam LOS. This procedure eliminates 
artifacts in the maps that would be caused by a sharp cutoff of the kernel noise at the 
radius r s \. The fidelity of the kernel is demonstrated in Figures |8^ and [8f that show the 
kernel re-convolved with the symmetrized beam. After re- convolution the majority of the 
non-axisymmetric beam response is recovered without the introduction of excessive noise. 

Ideally the kernel weights representing the non-axisymmetric beam response sum to 
zero for each observation. This is only approximately true in practice since the HEALPix 
pixelization used for the solution t c l and the Cartesian grid of the kernel are incommensurate, 
resulting in slightly different combinations of weights being used for different LOS directions 
and azimuthal beam orientations. This results in small variations of the total weight for 
observation of different points on the sky. 

The mean value of a map generated by ideal differential data is unconstrained. The 
non-idealities in the radiometers parameterized by the transmission imbalance factors, Xj m , 
weakly constrain the mean value of the maps, but occasionally maps solutions with relative 
large mean values are generated. The spatially varying total weights described above can 
couple to these mean values resulting in small spurious map features. This problem is 
remedied by subtracting the sum of the kernel weights used for each observation from the 
value in M corresponding to the weight of the LOS pixel, resulting in a uniform weight for 
each observation. This choice insures that the total weight of the A and B side observations 
are (1+Xi m ) and (— 1+Xi m ) respectively, guaranteeing that the beam symmetrized maps agree 
with the normal maps at angular scales larger than the characteristic size of the convolution 
kernels. 



Figure [9] displays the ratio of the TT power spectra of the beam symmetrized m aps to 
those of the normally processed maps and ratios as predicted in lHinshaw et al.l (120071 ). The 
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spectra from the different map processings agree exactly at low I as expected and agree with 
the predictions within 2% in regions of adequate signal-to-noise ratios. 
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Fig. 8. — Plots illustrating the formation of the kernel used to generate the symmetrized 
beam maps for the Ql DA. The x and y axes are in units of degrees centered on the beam 
LOS. The z-axis represents weight and panels (a), (e) and (f) use the same scale, (a) 
The residual (non-axisymmetric) component of the beam obtained by subtracting the best 
fit axisymmetric beam from the total beam map. (b) The residual beam after Wiener 
deconvolution. (c) The cosine apodization function, (d) The convolution kernel used to 
generate the symmetrized beam maps consisting of the cosine weighted Wiener deconvolved 
residual map. (e) The convolution kernel reconvolved with the axisymmetric beam, (f) The 
difference between the residual beam map (a) and the map making kernel convolved with 
the axisymmetric beam (e). 
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Fig. 9. — Fractional deviations of the TT power spectra of the beam symmetrized maps 
(Cf econv ) relative to that of the normally processed maps (C" p ). The dark red, green and 
blue solid lines are the data for Q-, V- an d W-bands, respective ly, and corresponding lines in 
lighter shades are the values predicted in iHinshaw et al.l (120071 ) . The vertical red and green 
dashed lines indicate where the window function has fallen to 1% of its maximum value. The 
spectra of the beam symmetrized maps agree with those of the normal maps within 2% in 
regions with good signal-to-noise ratios. 
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Table 5. Noise per Observation in Nine- Year Maps 



DA 




<To(Q,U) 


<t (Q,U) 




Uncleaned 


Template Cleaned 




(mK) 


(mK) 


(mK) 


Kl 


1.429 


1.435 


NA 


Kal 


1.466 


1.472 


2.166 


Ql 


2.245 


2.254 


2.710 


Q2 


2.131 


2.140 


2.572 


VI 


3.314 


3.324 


3.534 


V2 


2.949 


2.958 


3.144 


Wl 


5.899 


5.912 


6.157 


W2 


6.562 


6.577 


6.850 


W3 


6.941 


6.958 


7.246 


W4 


6.773 


6.795 


7.076 
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5. Foreground Fits 
5.1. Overview 

In this section we examine the nature of the Galactic and extragalactic foreground 
emission. These foregrounds are important to understand so as to achieve an appropriate 
separation of CMB anisotropy from foreground emission, to elucidate the underlying astro- 
physical emission processes, and to transfer the precise WMAP calibration to astronomical 
emission sources that can be used by other observers for calibration purposes. 

The separation of CMB anisotropy from foregrounds depends critically upon their dif- 
ferent spectra. This is illustrated in Figure [10] where a model-free three-color display of 
WMAP data clearly differentiates the (pink) diffuse and point source foreground emission 
from the (gray) CMB anisotropy. Likewise, WMAP maps in different frequency bands can be 
convolved to a common angular resolution and subtracted to form a CMB-free, foreground 
emission-only map. Three such difference maps, in turn, can be combined into a three-color 
display that highlights the spectral differences of the foregrounds across the sky. An example 
of this is shown in Figure [TTJ Figure provides an orientation of the microwave emission 
sources on the sky. 

This section is divided into two major subsections: point source analyses are presented 
first in 15. 2\ followed by diffuse foregrounds in 15.31 The point source subsection begins with 
a discussion of WMAP observations of the planets Jupiter and Saturn (Section l5.2.ip . For 
Saturn we separate the emission into a disk and ring component. In Section 15.2.21 we de- 
scribe two techniques to identify other point sources and we provide point source catalogs 
in Appendices |B] and We then go on to discuss our analysis of the diffuse foregrounds. In 
Section 15.3.21 we describe the approach taken to mask and clean diffuse foregrounds for the 
purpose of carrying out the cosmological analysis of the CMB, such as the angular power 
spectra. In Section 15.3.31 we present the new nine-year internal linear combination (ILC) 
map. Since ILC error characterization is dependent on a knowledge of the foregrounds, 
a deeper ILC discussion is deferred until after a foreground characterization analysis. To 
identify the nature of the foregrounds we describe three different fitting techniques: the 
maximum entropy method (MEM) in Section I5.3.4( Monte Carlo Markov Chains (MCMC) 
in Section I5.3.5j and \ 2 fitting in Section 15.3.61 We conclude this section with a synthesis 
based on these analysis efforts. Section 15.3.7.11 includes an intercomparison of results from 
the three fitting techniques and a comparison of foreground component maps averaged over 
the three fits with the corresponding template maps used in foreground cleaning. Finally, 
Sections 15.3.7.21 and 15.3.7.31 discuss ILC errors. Estimates are presented of residual fore- 
ground bias in the ILC map and ILC error due to CMB-foreground covariance. Appendix lAl 
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describes small variations in WMAP bandpasses that occurred over the nine-year mission, 
which are taken into account in our foreground analyses. They have no significant effect on 
the CMB or cosmology analysis. 



5.2. Point Sources 



5.2.1. Planets and Celestial Analysis 



A detailed analy sis of WMAP seven-y ear observations of planets and selected celestial 
calibrators is given by lWeiland et al.l (1201 if ), including intercomparisons with relevant results 
in the literature. Here we concentrate on updated nine-year WMAP results for some of these 
sources. 



5.2.1.1. Jupiter Mean nine- year Jupiter temperatures are derived from the I = com- 
ponent of the unnormalized beam transfer functions B\. The symmet rized beam response t o 



Jupiter, T p kflbeam, may be directly derived from B . As described in IWeiland et al.l ( 1201 ll ) 



all Jupiter observations have been corrected to a fiducial solid angle fl r f^ p = 2.481 x 10 s sr. 
Mean Jupiter temperatures Tj up are thus computed using the relation Tj up = T p kflbeam/Q r ju P - 
These temperatures are presented in Table [6j Quoted uncertainties are a quadrature sum of 
estimated beam solid angle errors from Table [3] and the uncertainty in the absolute calibra- 
tion. The mean Jupiter temperatures derived from the five-year, seven-year and nine-year 
data releases are consistent with each other within the quoted uncertainties. 

The stability of Jupiter emission over the nine-year baseline is evaluated by computing 
seasonal temperatures per DA and comparing them to their nine-year means. We compute 
AT/T as the mean deviation of all DAs from their nine- year mean values, and include 
a lo" standard deviation as a measure of coherenc y. These results are listed in Table [7J 



From the seven-year analysis, IWeiland et al.l (120111 ) placed an upper limit on variability of 



0.2 ± 0.4%. Although consistent with this value, the Jupiter observations from the last two 
seasons introduce the statistically weak (PTE = 14%) possibility of a decreasing trend in 
temperature with time. Given our measurement uncertainties, a constant temperature is a 
very good fit to the data and that is what we use in our analysis. 

Out of caution, we examined the hypothesis that there might be instrumental or cali- 
bration issues contributing to slightly lower Jupiter temperatures computed for the last few 
seasons of data. To determine if there might be a systematic calibration error within the 
last two years of the mission, yearly flux values for celestial sources Cas A, Cyg A, and Tau 
A were computed and compared against seven-year trends; no evidence for any calibration 
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Fig. 10. — False color image representing the spectral information from multiple WMAP 
bands. Q-band is red, V-band is green, and W-band is blue. In this representation, a CMB 
thermodynamic spectrum appears as grey. 




Fig. 11. — False color image derived from a combination of WMAP band differences chosen 
to highlight differing spectral components. Red (W-V) highlights regions where thermal 
emission from dust is highest. Blue (Q-W) is dominated by free-free emission. Green ((K- 
Ka)-1.7(Q-W)) illustrates contributions from synchrotron and spinning dust. 
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inconsistency was found. Since Jupiter is not a steep-spectrum source, bandpass center fre- 
quency variations are also not an important factor; we expect an effect of less than ±0.05% 
over the 9 years in the K- through V-bands. In terms of Jupiter itself, there is no clear 
temperature trend with Sun- Jupiter distance or sub- WMAP latitude. 



5.2.1.2. Saturn As seen by the WMAP satellite, the spatially unresolved microwave 
brightness of Saturn varies with orbital p hase as the pro j ected area of the ring system and 
oblate planetary spheroid changes aspect. IWeiland et al.l ( 1201 lh developed an empirical, ge- 
ometrically motivated model to predict Saturn's apparent brightness at WMAP frequencies, 
based on the first seven years (14 seasons) of observations. The available range of observable 
ring opening angles during this seven year interval falls in the range —28° < B < —6°. 
Weiland et al.l ( 1201 ll ) found that parameter covariance and potential systematics in their 
model fit permitted a determination of Saturn's disk temperature to within roughly 3-4 K, 
but noted that the inclusion of lower inclination observations in the fit should decrease the 
uncertainty in the derived model parameters. WMAP observations from the last two mission 
years include four new Saturn observing seasons, numbered 15 through 18. Since the Saturn 
ring system presented an "edge-on" configuration in early 2009, these four new seasons span 
the cross-over from viewing the rings from below (negative B) to viewing them from above 
(positive B) as seen in Table El These new observations at low B provide the opportunity 
to better constrain the predictive model for WMAP frequencies. 



We apply the analysis methods of IWeiland et al.l ( 120111 ) to the nine-year compendium 
of Saturn observations to derive mean apparent temperatures of the Saturn system per DA 
per observing season, presented in Table El The analysis can be summarized as a three-step 
process. First, a time-ordered archive of Saturn observations is created, and sky signals 
arising from the Galaxy and CMB are removed, either through use of sky subtraction or 
masking. Second, the individual observations from this background subtracted archive are 
binned to form mean radial Saturn response profiles for each season and DA. Finally, the 
WMAP beam radial profile per DA (as determined from Jupiter observations) is fit to the 
Saturn radial response for that DA and an apparent temperature is derived. Temperature 
entries for the first 14 sea s ons li sted in Table [8] may be directly compared against those in 
Table 9 of IWeiland et al.l (120 111 ). There are small differences of order 0.5 to 1 a between 
some of entries in common between the seven-year analysis and the nine- year analysis pre- 
sented here. Differences of this nature are expected and can be traced to small variations in 
calibration, beam characterization and data masking between the seven-year and nine-year 
processing. 



The temperatures in Table El may be fit with an empirical model that predicts Saturn's 
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Table 6. Nine- Year Mean Jupiter Temperatures 





j^RJ a 


A b 




a(T) d 




(GHz) 


(mm) 


(K) 


(K) 


per DA 










Kl 


22.82 


13.1 


136.1 


0.75 


Kal 


33.07 


9.1 


147.1 


0.68 


Ql 


40.88 


7.3 


153.9 


0.78 


Q2 


40.67 


7.1 


154.7 


0.76 


VI 


60.37 


5.0 


164.9 


0.71 


V2 


61.24 


1.9 


165.9 


0.68 


Wl 


93.25 


3.2 


172.5 


0.84 


W2 


93.73 


3.2 


173.4 


0.85 


W3 


92.72 


3.2 


173.1 


0.87 


W4 


93.57 


3.2 


172.3 


0.86 


per band 








K 


22.82 


13.1 


136.1 


0.75 


Ka 


33.07 


9.1 


147.1 


0.68 


Q 


40.78 


7.3 


154.3 


0.59 


V 


60.81 


4.9 


165.4 


0.54 


w 


93.32 


3.2 


172.8 


0.52 



a nine-year values; see Appendix |A1 
bA = c/uf 3 

c Brightness temperature calculated for 
a solid angle f2 rc f = 2.481 X 10 — 8 sr at a 
fiducial distance of 5.2 AU. Temperature is 
with respect to blank sky: absolute bright- 
ness temperature is obtained by adding 
2.2, 2.0, 1.9, 1.5 and 1.1 K i n bands K 
Ka, Q , V and W respectively jPage et al.l 
l2003ah . Jupiter temperatures are uncor- 
rected for a s mall synchrotron em ission 
component fsee lWeiland et al.l boill )), 

d Computed from errors in Q,b (Table[3]l 
summed in quadrature with absolute cali- 
bration error of 0.2%. 
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Table 7. Jupiter Temperature Changes by Season 



Season 3 - 


Start 


End 


AT/T (%) 








Mean b 


Scatter 


l 


9DD1 Opt C\R 


9nm Nrw 99 


0.33 


0.26 


Q 

o 


9DD9 Nov 1 D 

iUUi 1NUV ±\J 


9DD9 Dpp 94 


-0.01 


0.33 


1 


9DD^ Mar 1 ^ 


900^ Anr 9Q 

iUUO -Ti.pl 


-0.14 


0.51 


5 


2003 Dec 11 


2004 Jan 23 


0.17 


0.22 


6 


2004 Apr 15 


2004 May 30 


0.12 


0.23 


7 


2005 Jan 09 


2005 Feb 21 


0.13 


0.35 


8 


2005 May 16 


2005 Jul 01 


0.07 


0.37 


9 


2006 Feb 07 


2006 Mar 24 


0.32 


0.33 


10 


2006 Jun 16 


2006 Aug 02 


0.18 


0.47 


11 


2007 Mar 10 


2007 Apr 24 


0.53 


0.34 


12 


2007 Jul 19 


2007 Sep 03 


-0.04 


0.44 


13 


2008 Apr 11 


2008 May 27 


-0.05 


0.34 


11 


2008 Aug 21 


2008 Oct 06 


-0.11 


0.30 


15 


2009 May 17 


2009 Jul 03 


-0.46 


0.61 


16 


2009 Sep 26 


2009 Nov 10 


-0.39 


0.34 


17 


2010 Jun 24 


2010 Aug 10 


-0.47 


0.27 



a Season 2 omitted from analysis because Jupiter is 
aligned with the Galactic plane. 

b Mean of the percentage temperature change among 
the DAs for each season, relative to the nine-year mean. 

c lcr scatter in the percentage temperature change 
among the DAs for each season. 
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unresolved microwave brightness T as a function of ring opening an gle and frequency. W e 



adopt the same model formulation as in the seven-year analysis of IWeiland et al.l ( 120111 ). 
which employs a simple geometrical summation of emission from the unobscured planetary 
disk, emission from the ring system and emission from those portions of the disk obscured 
by the rings: 

7 7 

T(u, B) = T disk (u)[A ud + e- ro - |cscB U od ,] + T ring (z/) £ A r , % . (23) 

i=l i=l 

At a given frequency u, a single temperature is assumed for the planetary disk, T disk (z/). The 
model allows for seven radially concentric ring divisions. All rings are characterized by the 
same temperature T r i ng (^), but each of the seven ring sectors has its own ring-normal optical 
depth 7"o,i, with 1 < i < 7. Each tq^ is assumed to be both constant within its ring and 
frequency independent. A ud , A odi and A T)i are the projected areas of the unobscured disk, 
the portion of the disk that is obscured by ring i, and i th ring, respectively. These areas are 
normalized to the total (obscured+unobscured) disk area. Model fit parameters are the five 
Saturn uniform disk temperatures and five mean ring temperatures (one for each WMAP 
frequency). The g eometrical ring bound aries and relative ratios r j/r 0max are constrained 



as per Table 10 of IWeiland et al.l (120111 ). where r^max is the ring- normal optical depth for 
the most optically thick ring (ring 3, i.e. the outer B ring). For the nine-year fit, the value 
of To,max was also allowed to be a fit parameter, although in practice its inclusion makes very 
little difference in the fit results. 

The nine-year model fit returns a reduced y 2 of ~ 1.04 for ~ 150 degrees of freedom; 
the model fit and residuals per WMAP frequency are shown in Figure [131 On average, the 
rms of the residuals is ~ 1% per frequency; the value for Q-band is somewhat higher (1.3%) 
and that for V-band is lowest (0.7%). Model parameters and their formal errors a&t are pre- 
sented in Table [9j By construction, the Tdi S k and T r i ng model parameters are anti-correlated. 
The covariance between these parameters allows the possibility of systematic errors not ac- 
counted for in the fitting formalism. Although the mean disk temperature is reasonably well 
constrained by the new WMAP observations from seasons 15-18, hemispheric temperature 
gradients or local hot spots would negate the assumed symmetry of the empirical model, and 
would affect the derived mean ring temperatures. The nine-year baseline unfortunately does 
not extend far enough toward positive B to assess the limits of the symmetry assumption. 
Additionally, the model's assumed ring optical depth profile may not be accurate. As with 
the seven-year analysis, we use a model variant to estimate systematic differences between 
models which return similar values of x 2 . Our worst case estimate allows for differences of 
0.9 K in Tdisk and 0.7 K in T r ; ng ; we add these to the formal fitting errors in Table [9] to pro- 
duce the tabulated adopted error, cr a d op tcd- The T disk and T ring parameters are plotted along 
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with their adopted errors in Figure HH Within the conservative adopted errors, the nine- year 
derived disk and ring temperatures are in agreement with those from the seven-year fit; the 
nine-year adopted errors for are roughly half those quoted for the seven-year fit. 



5.2.2. Point Source Catalogs 



As for the seven-year analysis, two separate methods have been used for the identification 
of point sources from WMAP maps and two separate point source tab les have been pro duced. 
Both methods are largely unchanged from the seven-year analysis ( iGold et al.ll201ll ). The 
first method searches for point sources in each of the five WMAP wavelength bands. The 
nine- year signal-to- noise ratio map in each band is filtered in harmonic space by bi/(bfCf mh + 
C z noise ), where bi is the transfer function of the WMA P beam response, Cf mh is the CMB 
angular power spectr um, and CJ 101 ^ is the noise power (ITegmark &: de 01iveira-Costalll998 



Refregier et all 120001 ) . The filtering suppresses CMB and Galactic foreground fluctuations 
relative to point sources. For each peak in the filtered maps that is > 5a in any band, 
the unfiltered temperature map in each band is fit with the sum of a planar base level 
and a beam template formed by convolving an azimutha lly symmetrize d beam profile with 
a skymap pixel. (This method was previously used by IWeiland et al.l (120 111 ) for selected 
celestial calibration sources and is more accurate than the Gaussian fitting that was used for 
the seven-year and earlier point source analyses.) The peak temperature from each beam 
template fit is converted to a source flux density using the conversion factor T given in 
Table [3j The flux density uncertainty is calculated from the la uncertainty in the peak 
temperature, and does not include any additional uncertainty due to Eddington bias. Flux 
density values are entered into the catalog for bands where they exceed 2a and where the 
source width from an initial Gaussian fit is within a factor of two of the beam width. A point 
source catalog mask is used to exclude sources in the Galactic plane and Magellanic cloud 
regions. This mask has changed from the seven-year analysis in accordance with changes 
in the KQ85 temperature analysis mask. A map pixel is outside of the nine-year point 
source catalog mask if it is either outside of the diffuse component of the nine-year KQ85 
temperature analysis mask or outside of the seven-year point source catalog mask. The new 
catalog mask admits 83% of the sky. 

The second method of point source identification is the CMB-free method orig inally 
applied to one- year and three-year V - and W-ban d map s by I Chen fc Wrightl (120081 ) and 
to five-year V- and W-band maps by IWright et all (120091) . The method used here is that 



applied to five-year Q-, V-, an d W-band maps b y IChen fc Wrightl (120091 ) and to seven-year 
Q-, V-, and W-band maps by IGold et all ( 120111 ). The V- and W-band maps are smoothed 
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Table 8. Derived Saturn Temperatures per observing season per DA 



Season a wRJD b B c T b (K) d 









K 


Ka 


Ql 


Q2 


VI 


V2 


Wl 


W2 


W3 


W4 


1 


2172.50 


-26 


134 ± 2 


141 ± 1 


146 ± 1 


149 ± 1 


157 ±1 


157 ±1 


164 ± 1 


164 ± 1 


166 ± 1 


166 ± 1 


2 


2302.56 


-26 


134 ± 2 


143 ±1 


146 ± 1 


148 ± 1 


155 ± 1 


156 ± 1 


161 ± 1 


166 ± 1 


164 ± 1 


164 ± 1 


3 


2551.27 


-26 


131 ± 2 


142 ± 1 


149 ± 1 


150 ±1 


158 ± 1 


157 ±1 


166 ± 1 


167 ± 1 


164 ± 1 


164 ± 1 


5 


2928.95 


-25 


131 ± 2 


138 ±1 


144 ±1 


146 ± 1 


153 ± 1 


153 ± 1 


161 ± 1 


162 ± 1 


161 ± 1 


160 ± 1 


7 


3305.67 


-22 


126 ± 1 


135 ± 1 


140 ± 1 


140 ±1 


147 ±1 


148 ± 1 


154 ± 1 


154 ± 1 


154 ± 1 


153 ± 1 


8 


3437.14 


-21 


130 ± 2 


138 ±1 


141 ± 1 


142 ± 1 


148 ± 1 


150 ±1 


155 ± 1 


159 ± 1 


160 ± 1 


157 ± 1 


9 


3685.29 


-17 


121 ± 2 


131 ± 1 


135 ± 1 


134 ± 1 


111 ± 1 


141 ± 1 


146 ± 1 


147 ± 1 


147 ±1 


146 ± 1 


10 


3794.29 


-20 


125 ± 2 


131 ±2 


135 ±4 


133 ±4 


143 ± 2 


142 ± 1 


150 ±2 


150 ±2 


149 ± 2 


151 ± 2 


11 


4061.48 


-12 


123 ± 2 


130 ±1 


131 ± 1 


137 ±1 


140 ± 1 


140 ±1 


142 ± 1 


145 ± 1 


143 ± 1 


143 ± 1 


12 


4189.02 


-15 


122 ± 2 


132 ±2 


131 ± 1 


136 ± 1 


140 ± 2 


141 ± 1 


143 ± 2 


144 ± 1 


143 ± 1 


142 ± 2 


13 


4436.82 


-7 


128 ± 2 


132 ± 1 


135 ± 1 


138 ± 1 


140 ± 1 


140 ±1 


143 ± 1 


146 ± 1 


141 ± 1 


145 ± 1 


14 


4570.98 


-10 


123 ± 2 


130 ±1 


132 ± 1 


133 ± 1 


140 ± 1 


141 ± 1 


140 ± 1 


141 ± 1 


141 ± 1 


140 ± 1 


15 


4814.77 


-1 


131 ± 2 


137 ±1 


139 ± 1 


139 ± 1 


144 ± 1 


147 ±1 


147 ±1 


149 ± 1 


147 ±1 


147 ± 1 


16 


4949.58 


-1 


127 ±2 


132 ± 1 


138 ± 1 


140 ±1 


143 ± 1 


142 ± 1 


145 ± 1 


144 ± 1 


145 ± 1 


146 ± 1 


17 


5191.93 


5 


126 ± 2 


133 ± 1 


137 ±1 


137 ±1 


141 ± 1 


142 ± 1 


143 ± 1 


145 ± 1 


146 ± 1 


144 ± 1 


18 


5326.82 


2 


129 ± 2 


135 ± 1 


138 ± 1 


138 ± 1 


144 ± 1 


146 ± 1 


145 ± 1 


146 ± 1 


145 ± 2 


148 ± 1 



a Seasons 4 and 6 omitted from analysis because Saturn is aligned with the Galactic plane. 
b Approximate mean time of observations in each season: wRJD = Julian Day —2450000. 
c Approximate mean ring opening angle for each season, degrees. 

d Brightness temperature calculated for a solid angle f! rc f = 5.096 X 10~ 9 sr at a fiducial distance of 9.5 AU. A correction for planetary 
disk oblatcness has not been applied, as that is accounted for in modeling. Temperature is with respect to bl ank sky: absolute b rightness 
temperature is obtained by adding 2.2, 2.0, 1.9, 1.5 and 1.1 K in bands K, Ka, Q, V and W respectively jPaee et al.ll2003al) . 
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Fig. 12. — Microwave emission near the Galactic plane is traced by a K-band minus W-band 
difference map, which eliminates CMB anisotropy. A log scale is used for the color region 
and blue circles represent the positions of the brightest point sources, as seen by WMAP. 



Table 9. Nine- Year Saturn Model Fit Parameters 1 



Freq 




Disk 






Rings 




Band 


^disk 


Cfit 


^adopted 


T- 

ring 


Ofit & adopted 




[K] 


[K] 


[K] 


[K] 


[K] 


[K] 




K 


132.2 


0.8 


1.7 


8.0 


0.8 


1.5 


Ka 


137.8 


0.6 


1.5 


10.6 


0.7 


1.4 


Q 


141.6 


0.5 


1.4 


11.9 


0.6 


1.3 


V 


146.6 


0.4 


1.3 


14.5 


0.5 


1.2 


w 


147.3 


0.3 


1.2 


18.9 


0.3 


1.0 



a A frequency independent maximum ring-normal 
optical depth, r 0max is also a fit parameter. Its fit 
value is 2.1, with a statistical error cr nt = 0.3; the 
seven-year model used a fixed value of 2.0. 
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Fig. 13. — Modeling results for Saturn. (Left) Brightness temperatures based on unresolved 
Saturn observations as a function of ring inclination B are shown in black for each WMAP 
frequency band. Where there are multiple differencing assemblies per frequency, multiple 
points are plotted at each inclination. An empirical model including both ring and disk 
components (see text) is plotted in red. The temperature of the planetary disk predicted 
by the model occurs at B=0°, when the rings are viewed edge-on. The model is symmetric 
about B=0°. (Right) Residuals (data-model) of the model fit to the data are plotted as a 
function of the ring opening angle. 



-46 - 



to Q-band resolution. An internal linear combination (ILC) map (see Section 15.3.31 ) is 
then formed from the three maps using weights such that CMB fluctuations are removed, 
flat-spectrum point sources are retained with fluxes normalized to Q-band, and the variance 
of the ILC map is minimized. The ILC map is filtered to reduce noise and suppress large 
angular scale structure. Peaks in the filtered map that are > 5<r and outside of the nine- year 
point source catalog mask are identified as point sources, and source positions are obtained 
by fitting the beam profile plus a baseline to the filtered map for each source. For the nine- 
year analysis, the position of the brightest pixel is adopted instead of the fit position in rare 
instances where they differ by > 0.1°. Source fluxes are estimated by integrating the Q, V, 
and W temperature maps within 1.25° of each source position, with a weighting function to 
enhance the contrast of the point source relative to background fluctuations, and applying 
a correction for Eddington bias due to noise (sometimes called "deboosting"). 

We identify possible 5 GHz cou nterparts to the WM AP sourc es found by both m e thods 



by cross-correlating with the GB6 ([Gregory et al. 



19961). PMN ( Griffith et al.lll994L 11995 
Healev et all J2OO9J) catalogs. A 5 GHz 



Wright et all 11994 119961 ). iKuhr et all ((19811), and 
source is identified as a counterpart if it lies within 11' of the WMAP source position (the 
mean WMAP source position uncertainty is 4'). When two or more 5 GHz sources are 
within 11', the brightest is assumed to be the counterpart and a multiple identification flag 
is entered in the catalog. 

The nine-year five-band point source catalog is presented in Appendix [B] and the nine- 
year QVW point source catalog is presented in Appendix The five-band catalog contains 
501 sources, the QVW ca talog contains 502 sources, and the two catalogs have 387 sources 
in common. As noted by iGold et al.l (120111 ). differences in the source populations detected 
by the two search methods are largely caused by Eddington bias in the five-band source 
detections due to CMB fluctuations and noise. At low flux levels, the five-band method 
tends to detect point sources located on positive CMB fluctuations and to overestimate their 
fluxes, and it tends to miss sources located in negative CMB fluctuations. Other point 
source detection methods ha ve been applied t o WMAP da t a and have identified sourc es not 
found by our methods (e.g., IScodeller et al.l (120121 ); lLanzl (120 121 ); iRamos et al.l (120 111 ), and 
references therein). 
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5.3. Diffuse Foregrounds 



5.3.1. Introduction to diffuse foreground analysis 

In this section we evaluate the diffuse foreground emission both for the purpose of 
separation from the CMB anisotropy and for characterizing the nature of the foreground 
components. As a prelude to our cosmological analyses we fit and remove external foreground 
template map data from the WMAP maps and we mask remaining regions estimated to be 
significantly contaminated. We discuss this temperature and polarization cleaning, and the 
masks, below. To elucidate the characteristics and nature of the diffuse foregrounds we 
implement four techniques: internal linear combination (ILC) technique; Maximum Entropy 
Method (MEM); Markov Chain Monte Carlo (MCMC) fits; and x 2 fits. 

Our analysis of the diffuse foregrounds generally uses the five bands of WMAP data in 
conjunction with other data sets. WMAP was designed to observe in the spectral region 
where the ratio of the CMB to the foregrounds is at its maximum. This minimizes the 
amplitude of contamination and needed corrections or masking, which is good for cosmology. 
To achieve an improved signal-to-noise ratio of the foregrounds themselves, it is sometimes 
useful to use external data where the foreground emission is weak. 

Foreground analyses are done using 1° smoothed beam-symmetrized nine-year tempera- 
ture maps in the five WMAP bands. As in our previous foreground studies, the zero level of 
each map is set such that a fit to the ILC-subtracted map of the form T(|6|) = T p esc |6| + c, 
over the range —90° < b < —15°, yields c = 0. This assumes a plane-parallel slab model 
for the Galactic emission. Formal la uncertainties in the map zero levels (calculated as the 
quadrature sum of (1) the uncertainty in the fit intercept c and (2) the difference in intercepts 
from southern and northern Galactic hemisphere fits) are 7.2, 5.9, 3.6, 1.8, and 0.76 fiK in 
thermodynamic units for K-, Ka-, Q-, V-, and W-bands respectively. The South Galactic 
pole brightness T p from the fitting is 78, 30, 18, 8.6, and 9.3 fiK in thermodynamic units 
for K-, Ka-, Q-, V-, and W-bands respectively. The Stokes Q and U maps have well-defined 
zero levels and no monopole corrections are applied to them. 



Previous WMAP team analyses have used the iFinkbeiner 



extinction as a template for free-free emission (IBennett et al. 



(2003|) Ha map corrected for 



2003af). The F inkbeiner map 



is a composite of the Virgi nia Tech Spectral line Survey (IDennison et al.lll998[ ). the Southern 
H-alpha Sky Survey Atlas fjGaustad et al.ll200ll ). and the Wisconsin H alpha Mapper survey 
(iHaffner et al.l 120031 ). The extinction correction assumes that Ha emission and extinction 
are uniformly mixed along each line of sight, 



/(Ha; 



extinction— corrected 



/(Ha) r/(l -e" 



(24) 
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Here r is the dus t optical dept h at t he wavelength of Ha and was calculated from the 
E(B - V) map of ISchleeel et~aD ( jl998h as 



T 



2.2 E(B-V), (25) 
3.1, characteristic of the diffuse interstellar 



which assumes an extinction law for Ry 
medium. 

Recent studies of selected dust clouds at 20° < |6| < 40° have shown that scattered Ha 
can make a significant contribution to the observed Ha? b rightness for some lines of sight 
( jMattila et al.l l2007t iLehtinen et al.l |2010| ; IWitt et al.l 120101 ) . Here we apply an approximate 
correction to our previous Ha template for the contrib ution of sca t tered Ha, based on cor- 
relations betw een Ha and 100 um em ission found by IWitt et al.l ( 120101 ) for four selected 
clouds and by iBrandt &: Drainej ( 120121 ) for Sloan Digital Sky Survey blank sky regions at 
intermediate to high Galactic latitudes. Brandt and Draine noted that /(100/mi) varies in 
proportion to the product of the dust column density and the radiation field that heats the 
dust. If the spatial variation of the illuminating Ha radiation field in the Galaxy is similar 
to that of the radiation responsible for dust heating, /(100/im) may be a good tracer of 
scattered Ha. The scattering correction we adopt is 



/(Ha) sca tt er i n g_ correc ted I (Ha) ex tinction— corrected 0.11 /(100/tm), 



(26) 



where /(Ha) is in Rayleighs, /(100/im) is the lSchlegel et al.l ( 119981 ) 100 /mi map in MJy sr 1 , 
an d the /(100/ x m) co efficient is a mean of the values of 0.129 ± .015 R/(MJy sr " 1 ) found 



by IWitt et al.l (120101 ) and 0.090 ± 0.017 R/(MJy sr" 1 ) found by Brandt fc Draind t012\ ). 
These correlation slopes were measured for regions with r < 1, but we apply Equation (126]) 
over the entire sky. This assumes that the Equation (I24p extinction correction is valid 
for the scattered component (i.e., the scattered Ha emissivity and the dust extinction are 
uniformly mixed along each line of sight) and it neglects effects of multiple scattering that 
may be important for lines of sight with high optical depth. The Ha template is made by 
applying the corrections for extinction and scattering to version 1.1 of the Finkbeiner Ha 
map, smoothing from 6' FWHM to 1° FWHM, and setting a small number of negative pixels 
to zero. The resulting Ha-based microwave template is shown in Figure IT51 as the "Free- Free 
Template" . 

Uncertainties in both the extinction correction and the scattering correction are large 
for high r, but we find that results of our analyses using the template are not sensitive 
to these uncertainties. For the foreground cleaning of the temperature maps, the mask 
used in template fitting is chosen to minimize the combined effects of template error and 
foreground- CMB covariance (Section I5.3.2[) . For the MEM foreground fitting, the free-free 
prior is formed from the Ha template, but for high r lines of sight the observed brightness 
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in the WMAP bands is great enough that the MEM results are not strongly affected by the 
free-free prior. 

Prior to the nine-year analysis, the Haslam map used in the MCMC fitting and as a prior 
in the MEM fitting was the Fourier-filtered version available from LAMBDA. This version 
mitigates scan striping in the Haslam map, but also removes many strong point sources. 
Removal of the point sources affected the quality of some foreground fits for pixels in the 
Galactic plane. For this reason, the unfiltered Haslam map (also available on LAMBDA) is 
now used for these applications and its projection to K-band is shown in Figure [TBI 
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Fig. 14. — Saturn model parameters derived from the nine-year analysis. Left: Disk tem- 
peratures for 5 WMAP frequencies. Right: Ring system temp eratures. Adopted er rors for 
the nine- year analysis have been reduced compared to those in IWeiland et al.l (120111 ) ; errors 
for Tdisk are smaller by a factor of 2. 
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Fig. 15. — Foreground evaluation is generally based on a combination of the data from the 
five WMAP bands and external observations where the CMB contamination is negligible. 
The external observations used for foreground fitting and template removal are shown. These 
provide approximate probes of the synchrotron, free-free, spinning dust, and thermal dust 



emission. 
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5.3.2. Template Cleaning and Masks 

All-sky templates of Galactic foregrounds or combinations of foregrounds which are 
"CMB-free" are fit in a least-squares sense to the WMAP sky maps to construct a foreground 
model at each frequency. The foreground model is subtracted from the WMAP sky maps to 
produce reduced foreground, or "cleaned" maps, which are used in turn for power spectrum 
analysis. The cleaning is applied to sky maps from the standard map-making procedure, not 
to beam-symmetrized sky maps. Cleaning of temperature and polarization maps is treated 
independently. 



5.3.2.1. Temperature cleaning A limited set of all-sky foreground templates is avail- 
able for use in modeling potential contributions from synchrotron, free- free and dust emission. 
After testing a number of different template combinations, we continue to adopt a foreground 
model map, M(i>,p), of the form 

M(u,p) = Cl (z/)[T K (p) - Tka(p)] + c 2 (u)I Ra (p) + c 3 M dust (p), (27) 

where p indicates the pixel, the frequency dependence is entirely contained in the coefficients 
Cj, and the spatial templates are the WMAP K-Ka temperature difference map in thermo- 
dynamic mK (Tk — Tjc a ), an Ha map (Iho) in units of Rayleighs, and dust model 8 from 
Finkbeiner et al.l (119991 ) evaluated at 94 GHz in units of mK antenna temperature (Md us t)- 



The K-Ka template is formed using standard (not beam symmetrized) maps. The values of 
the coefficients c are such that the model map M(u,p) is in thermodynamic mK. 

However, although the form of the model is the same as that used in previous WMAP 
analyses, there are modifications in the details of its application. As described in Sec- 
tion 15.3.11 the nine- year extinction corrected Ha template incorporates a scattering correc- 
tion, a refinement not present in the seven-year analysis. Also, in recognition of the possible 
contribution of spinning dust to the Galactic emission and the uncertain synchrotron behav- 
ior with frequency, spectral and coefficient positivity constraints are no longer imposed in the 
template fitting. This allows maximum freedom in the fit, but makes physical interpretation 
of model coefficients more difficult. 

There has also been a change in the portion of sky used in computing the foreground 
model fit. Derived model coefficients are dependent on the fraction of the sky which is fit: a 
full sky fit minimizes the covariance of the templates with the CMB signature in the WMAP 
data, but maximizes potential template cleaning residuals (bias) by including sky regions 
where the templates are more uncertain (generally close to the Galactic plane). For example, 
the extinction correction applied to the Ha map is only approximate and this template is 
an imperfect tracer of free-free emission in optically thick regions. In general, as more sky 
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is excluded from the fit, CMB-template covariance increases, while template cleaning bias 
decreases. The "optimal" sky cut for template fitting may be determined by examining these 
two competing errors as a function of sky cut, and choosing the mask for which the sum of 
the two errors is a minimum. For this purpose, several simulated five-band Galaxy models of 
differing complexity were constructed. Each model is added to a CMB realization, and then 
cleaned using the algorithm in Equation ( |27|) and a chosen sky cut. This is performed for 100 
CMB realizations per sky cut; the mean bias is the template cleaning error and the variance 
is the CMB c o varianc e. We have used the "KpX" series of Galactic masks, described by 



Bennett et al.l ( 12003d ) as a graduated set of sky cuts. The masking in the "KpX" series 
is based on K-band intensity: higher values of X indicate a smaller portion of bright sky 
is cut. For each simulation, the sum of both errors were plotted as a function of sky cut 
and a rough minimum chosen. Prior to the nine-year analysis, we had used the Kp2 mask 
for template fitting. However, the simulations indicated a more conservative choice would 
employ a smaller sky cut. The Kp8 mask was adopted for the nine-year cleaning. 

Template cleaning coefficients derived using the updated procedure are shown in Ta- 
ble [TU] for the Q,V and W DAs. As noted previously, the ability of the fit to trade freely 
among the three templates makes physical interpretation difficult. Monte Carlo simulations 
have shown that the negative coefficients c\ derived for W-band result from template co- 
variance with the CMB. The change of template cleaning method from the seven-year to 
the nine-year analysis has little effect on power spectrum analysis. There is a slight change 
in the evaluated low-Z power spectrum. For 2 < / < 16, using the MASTER method with 
the KQ85y9 mask, the absolute value of the change in 1(1 + l)/(27r)C; due to the change in 
template cleaning is typically 4% of cosmic variance per /. 



5.3.2.2. Polarization cleaning The polarization cleaning method is unchanged from 
the seven-year analysis. The nine-year Stokes Q and U maps are degraded to low resolution 
(-^side=16) and the data for pixels outside of the Q-band processing mask are fit to a linear 
combination of low resolution templates. The fit has the form 



\Q{y\ U{y)\ = ai {v) [Q, U} K + a 2 {u) [Q, U] dmt . 



(28) 



The template used for synchrotron is the nine-year W MAP K-band polarizati on, [Q, C/]k- 
The template for dust, [Q, E/]dust> is constructed from the lFinkbeiner et al.l (119991 ) dust model 
8 evaluated at 94 GHz together with a polarization direction map derived from starlight 
measurements and a geom e tric su ppression map to account for the magnetic field geometry, 
as described in lPage et al.l (120071 ). The coefficients of the fit to the nine- year data are listed 
in Table [TT] and plotted against frequency in Figure [TBI 
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Table 10. Template Cleaning Temperature Coefficients 



DA a 


d b 


c 2 (/iK/tr 1 ) 13 


c 3 b 


Ql 


0.284 


0.890 


0.231 


Q2 


0.284 


0.898 


0.226 


VI 


0.0630 


0.554 


0.686 


V2 


0.0567 


0.541 


0.716 


Wl 


-0.0179 


0.351 


1.609 


W2 


-0.0182 


0.349 


1.617 


W3 


-0.0146 


0.342 


1.587 


W4 


-0.0153 


0.345 


1.594 



a WMAP has two differencing assem- 
blies (DAs) for the Q- and V-bands, and 
four for the W-band; the high signal-to- 
noise total intensity allows each DA to 
be fit independently. 

b The Q coefficients produce model 
maps in thermodynamic mK. 



Table 11. Template cleaning polarization coefficients 



Band 


ai a 


/3>K,^) b 


a 2 a 


Pd(y, ^w) b 


Ka 


0.3204 


-3.13 


0.0145 


1.41 


Q 


0.1682 


-3.13 


0.0182 


1.50 


V 


0.0594 


-2.97 


0.0364 


1.41 


W 


0.0398 


-2.43 


0.0758 





a The Oj coefficients are dimensionless and pro- 
duce model maps in thermodynamic mK. 

b The spectral indices refer to antenna tempera- 
ture. 
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Full-resolution (N sidc = 512) foreground-reduced Stokes Q and U maps were produced 
using the coefficients in Table [11] with full-resolution versions of the K-band and dust po- 
larization templates smoothed to 1° FWHM. In making the full resolution dust template, 
the starlight polarization map used to determine polarization direction was upgraded to full 
resolution using nearest neighbor sampling. Smoothing of the templates to 1° FWHM po- 
tentially leaves artifacts in the foreground-reduced maps due to small-sc ale power or beam 



asymmetries, but previous analyses have found no sign of these effects (jGold et all 1201 ll ). 
Data sets for all templates are available on the LAMBDA website. 

The spectrum of K-band polarization template coefficients flattens significantly with 
increasing frequency, which is unexpected for synchrotron emission. This flattening can be 
understood if, due to shortcomings of the dust polarization template, some fraction of the 
dust polarization is traced by the K-band template. We illustrate this using a simple model. 
The polarization maps are modeled as a sum of synchrotron and thermal dust components, 

[Q(y),U{v)\ = [Q(iy),U(u)] synch + [Q(u),U(u)] dust . (29) 

Assuming the synchrotron polarization has a power law spectrum and is traced exactly in 
all bands by the K-band polarization template, the synchrotron component is 

g(v) f v \^" c " 



[Q(u), U(u)] synch = _ [Q u] (30) 

where the antenna temperature to thermodynamic temperature conversion factors g are 
needed because the polarization maps and K-band template are in thermodynamic units. 
Assuming the dust polarization has a power law spectrum and is traced by a combination 
of the dust polarization template and the K-band polarization template, with the relative 
contributions of the two templates independent of frequency, the dust component is 

[QM, U(u)] dwt = (—)*** (fx [Q, U] dnst + h [Q, U]k), (31) 



where fi and f 2 are constants. Inserting Equations ( 1301) and (1311) in Equation (1291) and 
comparing with Equation ( 1281) gives expressions for the template fit coefficients, 

gW) /uV synch „ g(u) ( v V dU8t , . 

9\vk) \vkJ g\y w ) \u w j 



02(") = /i-7^t(— I • (33) 



and 

g[yw) \vw . 

Fitting these expressions to the a\(v) and a 2 (v) values in Table [TT1 gives (3 sync h = —3.13, 

Pdust = 1-44, fi = 0.076, and f 2 = 0.024. The fits are shown by the curves in Figure 
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y 1.00 p 




Frequency (GHz) 

Fig. 16. — Polarization template coefficients, scaled to produce model maps in antenna 
temperature, as a function of frequency. The curves show the predictions of a simple model 
with synchrotron and thermal dust polarization in which about 2/3 of the dust polarization 
is traced by the dust template and about 1/3 is traced by the K-band template. 
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[T6l They match the template coefficients very well with no need for an additional emission 
mechanism such as spinning dust or magnetic dust polarization. In this simple model, the 
K-band template component contributes about 1/3 of the rms dust polarization and the dust 
template component contributes about 2/3. 

This suggests that there is room for improvement in the dust polarization template. 
Some alternate dust templates were tested in fitting the polarization maps, but none of them 
gave significant improvement in x 2 ■ These include a template based on K-band polarization 
directions instead of directions from starlight measurements, a template based on a geometric 
suppression map calculated from the ratio of observed K-band polarized intensity to K- 
band synchrotron total intensity from the seven-year MCMC shifted spinning dust model 
( IGold et al.ll201l[ ). and two templates from lO'Dea et all ( 120121 ) based on different Galactic 
magnetic field models. 



5.3.2.3. Mask s Sky masks for CMB temperature analysis are generated as described by 



Gold et al.l (120 111) . The process begins with K- and Q-band maps smoothed to 1 deg resolu- 
tion, from which an estimate of the CMB is subtracted to leave maps that effectively consist 
of foreground e mission alone. The C MB is estimated using the internal linear combination 
(ILC) method (IHinshaw et al.l 120071 ). Both the K and the Q maps are masked at a flux 
contour that leaves either 75% or 85% of the sky unmasked. The K and Q-band sky masks 
for each cut level are combined so that any pixel excluded by either cut is excluded by the 
combination. The resulting combinations, dominated by diffuse Galactic emission, are called 
KQ75 and KQ85, labeled by the admitted sky fraction (/sky) of the input masks. 

These masks are intended primarily to be applied to the foreground-cleaned versions of 
the sky maps for power spectrum and non-Gaussian analysis. They are made more effective 
for this purpose by extending them to include regions where the cleaning algorithm is subject 
to possible systematic error. A x 2 analysis is done using differences Q — V and V— W betw een 
cleaned band maps at a reduced HEALPix resolution of = 32 (IGorski et al.ll2005l ). or 
"res 5" in WMAP terminology. Regions of four or more contiguous pixels with x 2 higher 
than 4 times that of the polar caps are used to define the mask extensions, after 3 deg 
smoothing and cleanup steps to remove small "islands" caused by noise. 

A point source mask is added to each of the diffuse sky masks. The point source mask 
from the seven-year analysis is updated to include newly detected WMAP point sources and 
the 100 GHz sources in the Planck early release compact source catalog. An exclusion radius 
of 1.2° is used for sources stronger than 5 Jy in any band and an exclusion radius of 0.6° is 
used for weaker sources. 
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■ Seven-year ■ Nine-year ■ Both 

Fig. 17. — Comparison of nine-year masks to seven-year masks. At the top KQ75y7 and 
KQ75y9 are compared, and at the bottom KQ85y7 and KQ85y9. Green regions are masked 
in both the nine- year and seven-year masks, yellow regions are newly masked in the nine- year 
masks, and red regions are masked in the seven-year masks but no longer in the nine-year 
masks. 
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The nine-year versions of the final KQ85 and KQ75 sky masks, called KQ85y9 and 
KQ75y9, respectively, are compared to the seven-year versions in Figure [TTJ Changes in 
the foreground cleaning residuals have altered the morphology of the mask in the vicinity 
of the Gum Nebula, the Large Magellanic Cloud, and the Galactic center, with the largest 
relative changes occurring in the KQ85 mask. For KQ75, / s k y is decreased from 70.6% to 
68.8%, a difference of 1.8% of the sky, and for KQ85, / s k y is decreased from 78.2% to 74.8%, 
a difference of 3.7% of the sky. 

The sky mask for CMB polarization analysis is generated using cuts in K-band polarized 
intensity and a model of p o larize d du st emission, togeth er with masking of point sources, 
as described by iPage et al.l ( 120071 ) and iGold et al.l ( 120091 ). The nine-year polarization mask 
is the same as the seven-year version except that three additional point sources were added 
using a 1 degree exclusion radius - Hydra A, HB89 1055+018, and BL Lac. 
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5.3.3. Internal Linear Combination (ILC) 

The internal linear combination (ILC) method seeks to produce a map of the CMB 
anisotropy from a linear comb ination of the five WM AP frequency bands. A first application 



of the method i s desc ribed by lBennett et all (12003a] ). The algorithm was revised slightly by 



Hinshaw et al.l ( 120071 ); we refer to this version of the algorithm as the "classic ILC", it 



has remained unchan ged throughout subsequent WMAP data releases. As described in 



Hinshaw et al.l (120071 ). the algorithm divides the sky into 12 regions - a larger high latitude 
region and 11 smaller regions spread across the galactic plane. Use of the smaller regions 
along the plane allows for spatially varying foreground complexity. For each of these smaller 
regions, five band-weights are computed by minimizing the temperature variance in the 
region, under the constraint that common-mode CMB signal is unaffected. Weights for the 
larger high latitude region are computed in a similar manner, but using pixels from locations 
near the outer-Galactic plane. Exact definitions of these regions are provided on LAMBDA. 

We compute the nine-year classic ILC using the coadded deconvolved band maps which 
have been smoothed to a FWHM of 1°. The weights applied to the 5 frequency maps for each 
of the 12 sky regions are shown in Table [T2l Values for the weights change slightly compared 
to previous WMAP releases as pixel noise, calibration and beam profiles have been refined. 

To the eye, the ILC presents a reasonably foreground-free image of the CMB anisotropy. 
The beauty of the algorithm is that it is relatively independent of assumptions about fore- 
grounds. However, assessing the underlying uncertainty in the resultant anisotropy map is 
a difficult problem which heavily relies on knowledge of the Galactic foregrounds. In subse- 
quent sections, we will discuss efforts to improve the classic ILC, as well as characterize the 
level to which foreground residuals remain. 



5.3.4. Maximum Entropy Method (MEM) 



A MEM-based approach originally developed by lBennett et al.l (j2003al ) and lHinshaw et al. 



( 120071 ) is used to model the Galactic foreground emission spectrum in the WMAP bands on 
a pixel-by-pixel basis. Spatial templates of different emission components from external data 
are used as priors, and the model is designed to revert to the priors in regions of low signal- 
to-noise ratio. Thus the analysis is of most interest for separating and characterizing the 
different emission components in high signal-to-noise regions. The model foreground maps 
that are produced have complicated noise properties so they are not useful for foreground 
removal in cosmological analyses. 



The nine-year MEM analysis differs from previous analyses ( IBennett et al.ll2003al ; iHinshaw et al 
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Table 12. ILC Coefficients per Region 



Region 


K-band 


Ka-band 


Q-band 


V-band 


W-band 





0.1555 


-0.7572 


-0.2689 


2.2845 


-0.4138 


1 


0.0375 


-0.5137 


0.0223 


2.0378 


-0.5839 


2 


0.0325 


-0.3585 


-0.3103 


1.8521 


-0.2157 


3 


-0.0910 


0.1741 


-0.6267 


1.5870 


-0.0433 


4 


-0.0762 


0.0907 


-0.4273 


0.9707 


0.4421 


5 


0.1998 


-0.7758 


-0.4295 


2.4684 


-0.4629 


(3 


-0.0880 


0.1712 


-0.5306 


1.0097 


0.4378 


7 


0.1578 


-0.8074 


-0.0923 


2.1966 


-0.4547 


8 


0.1992 


-0.1736 


-1.8081 


3.7271 


-0.9446 


9 


-0.0813 


-0.1579 


-0.0551 


1.2108 


0.0836 


10 


0.1717 


-0.8713 


-0.1700 


2.8314 


-0.9618 


11 


0.2353 


-0.8325 


-0.6333 


2.8603 


-0.6298 



a The ILC temperature (in thermodynamic units) at pixel 
p of region n is T n {p) = Ef =1 ^ n i T*(p), where ( are the coeffi- 
cients above and the sum is over WMAP's frequency bands. 
In additi on (and as has been do ne before), the region smooth- 
ing from lHinshaw et al.l (120071 ) has been applied and an ILC 
bias has been subtracted. 
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2007; 


Gold et al. 


2009, 


2011) 



sion component. Previously, synchrotron emission and spinning dust emission were treated 
together as a single component and an iterative method was used to solve for the spectrum 
of this component for each pixel. 

The analysis is done using 1° smoothed beam-symmetrized nine-year sky maps in the 
five WMAP bands, with the ILC map subtracted from each map and conversion to antenna 
temperature applied. The zero level of each map is set such that a esc |6| fit, for HEALPix 
N S ide = 512 pixels at b < —15° and outside of the KQ85 mask, yields a value of zero for the 
intercept. The maps are degraded to HEALPix N B ^ e = 128 pixelization, and a model is fit 
for each pixel p by minimizing the function 

Up) 



eP c (p) 



(34) 



Here T c and P c are the model brightness and template prior brightness for foreground com- 
ponent c (e is the base of natural logarithms). The form of the second term ensures positivity 
of the solution T c for each component, which alleviates degeneracy between the components. 
The parameter A controls the relative weight of the data and the priors in the fit. As in 
previous analyses, we base X(p) on the foreground signal strength: X(p) = 0.6 [T K (p)] -1 ' 5 , 
where TkQo) is the K-band ILC-subtracted map in mK antenna temperature. 

The MEM foreground model is a sum of synchrotron, free-free, spinning dust, and ther- 
mal dust components. The adopted spectra for synchrotron, free-free, and thermal dust 
emission are fixed power laws with (3 = —3.0,-2.15, and +1.8, respectively. The adopted 
synchrotron spectral index is consistent with measurements of K- to Ka-band spectral in- 
dex from WMAP polarization data, for which free-free and spinning dust contributions are 
expected to be negligible. For spinn i ng du st e mission, we ad o pt a spectral shape predicted 
by the model of lAli-Ha'imoud et al.l ( 120091 ) and ISilsbee et al.l ( 1201 ll ). The top panel of Fig- 
ure [18] compares predictions of this model for different interstellar environments. We adopt 
the spectral shape for their nominal cold neutral medium conditions. The bottom panel 
shows that the predicted shape does not vary much for different conditions if a multiplica- 
tive frequency shift is allowed for. The MEM model includes a frequency scale factor for the 
spinning dust spectrum for pixels where the spinning dust prior is brighter than 0.1 mK. 
This is constrained such that the peak frequency is in the range from 10 to 30 GHz. For 
other pixels, the peak frequency is fixed at 14.4 GHz, a typical value found for the Galactic 
plane region. 

The ado pted priors are shown in Figure [151 The synchrotron prior is based on the 408 
MHz map of lHaslam et al.l (119821 ) . We use the original version of this map; our previous 
MEM analyses used a filtered version in which striping and point sources are suppressed. We 
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add a zero level offset of 3.9 K, as suggested by iTartari et al.l ( 120081 ) based on absolute mea- 
surements of sky brightness at 600 and 820 MHz. We subtract the 2.725 K CMB monopole 
an d an extragalactic c ontribution of 12.96 K, from the analysis of ARCADE 2 and other data 
by lFixsen et al.l (120 111 ). The 408 MHz map is then scaled to form the prior in K-band using a 
spectral index of -2.9. (The ARCADE 2 extragalactic backg round is used instead of a source 
count based value such as 2.6 K from iGervasi et all (120081 ) because it gives a prior that is 
more consistent with the esc b normalized K-band map at high latitudes.) The free- free 
prior is the scattering-corrected, extinction-corrected Ha templa te described in 15.3.11 scaled 



to free-free brightness temperature in K-band using 11.4 fiK R 1 (IBennett et al 



2003al) . The 



spinning dust prior is the temperature-corrected dust map of ISchlegel et all ( 119981 ). scaled 
to spinning dust brightness temperature in K-band using 9.5 /iK MJy" 1 sr. This is the 
slope of the correlati o n bet ween the d ust map and a map o f spinning dust brightness from 
fits to lHaslam et all Jl982h 408 MHz, buncan et all Jl995h 2.4 GHz, and ILC-subtracted 
WMAP data in the Ga lactic plane. The thermal dust prior is the prediction of model 8 of 



Finkbeiner et all (119991 ) at 94 GHz. All of the prior maps have been smoothed to 1° FWHM. 



The adopted model provides good fits to the data without iterative adjustment of the 
synchrotron component spectrum as used in previous analyses. For pixels at |6| < 5°, 
absolute residuals are typically less than 0.01, 0.34, 1.2, 2.1, and 0.7 % in K-, Ka-, Q-, 
V-, and W-bands, respectively. Maps of the foreground components and peak frequency of 
spinning dust from the MEM analysis are shown in Figure | 



5.3.5. Markov Chain Monte Carlo Fitting 



We again perform a pixel-based Markov chain Monte Carlo (MCMC) fitting tech nique to 
the five bands of WMAP data. Our method is similar to that of lEriksen et all ( 120071 ). but we 
focus more on Galactic foregrounds rather than CMB. The fit results of the prior releases have 
been reproduced, with the "base" model, which uses three power-law foregrounds, producing 
virtually the same r educed x 2 P er pixel. We have again also included the 408 MHz map of 
Haslam et all (119811 ) with a zero-point determined using the same esc |6| method as for the 
WMAP data. 

There are two main changes from the previous release. The first is that the MCMC fit 
no w uses the sp i nning dust spectrum for grains in a "cold neutral medium" as computed 
by ISilsbee et all (1201 if ), with an optional frequency shift parameter described below. This 
change was made so that the MCMC fit uses the same spinning dust spectrum as the rest 
of the nine-year analysis. The second significant change is that the spinning-dust model is 
now run with the synchrotron spectral index as a free parameter. This was done to improve 
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Fig. 18. — The top panel sho ws spinning; dust emi ssivity spectra predicted by the model of 



Ali-Haimoud et al.l ( 120091 ) and ISilsbee et all (1201 if ) for the nominal physical conditions that 
they adopted for different ISM environments - cold neutral medium (CNM), warm neutral 
medium (WNM), warm ionized medium (WIM), molecular cloud (MC), photodissociation 
region (PDR), reflection nebula (RN), and dark cloud (DC). The spectra were calculated 
using version 2.01 of the code SpDust provided by the authors, for the case where dust 
grains are allowed to rotate around non-principal axes. The spectra are in units of brightness 
temperature per H column density. The bottom panel shows the same spectra normalized 
to a peak of unity and scaled to a common peak frequency (that of the CNM spectrum, 17.8 
GHz). The predicted spectral shapes for the different environments are similar. We adopted 
the CNM case for the shape of the spinning dust spectrum in our foreground fitting. We used 
this as an externally provided spectral template in our fits, usually with our own arbitrary 
amplitude and frequency scaling. The fit results in no way imply that the underlying physical 
mechanisms or the line-of-site conditions have been established. 
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Fig. 19. — Parameter maps from the MEM model fit. The top four maps are shown on 
logarithmic scales and the others are on linear scales. 
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the quality of the fit, also discussed below. 

The MCMC fit is performed on one-degree smoothed maps downgraded to HEALPix 
^sidc = 64. A MCMC chain is run for each pixel, where the basic model is 

/ v V s{y) ( v V s f uV d 

T{u) = T s [ — ) +T f — +a(v)T cmh + T d — (35) 

for the antenna temperature. The subscripts s, f, d stand for synchrotron, free-free, and dust 
emission, z/r and z/w are the effective frequencies for K- and W-bands (22.5 and 93.5 GHz), 
and a{v) accounts for the slight frequency dependence of a 2.725 K blackbody using th e 



thermodynamic to antenna temperature conversion factors found in lBennett et al.l (j2003al ). 
The fit always includes polarization data as well, where the model is 

Q{v) = Q S [ — ) +Q d ( — ) + a(z/)g cmb (36) 



U K J V / 

/ \ M") ( v \ fid 
U{u)=U s [ — ) +UA—) +a(u)U cmh (37) 
V U K J \ JAv / 

for Stokes Q and U parameters. Thus there are a total of 15 pieces of data for each pixel 
(T, Q, and U for five bands). 

As for the previous two releases, the noise for each pixel at A s ;d e = 64 is computed from 
maps of A obs at A sido = 512. To account for the smoothing process, the noise is then rescaled 
by a factor calculated from simulated noise maps for each frequency band. The MCMC fit 
treats pixels as independent, and does not use pixel-pixel covariance, which leads to small 
correlations in x 2 between neighboring pixels. This has negligible effect on results as long as 
goodness-of-fit is averaged over large enough regions. 

K-band is used as a template for the polarization angle of synchrotron and dust emission, 
so U s and Ud are not independent parameters, identical to the previous analyses. All models 
also fix the free-free spectral index to (3f = —2.16, the same as in the seven-year release. 

Results from the models discussed below are listed in Table [£31 The "base" model 
uses three power-law foregrounds, where the synchrotron spectral index f} s {v) is taken to be 
independent of frequency but may vary spatially, and the dust spectral index (3d is allowed 
to vary spatially. We assume the same spectral indices for polarized synchrotron and dust 
emission as for total intensity emission. This model has a total of 10 free parameters per 
pixel: T s , Tf, T d , T cmb , /3 S , j3 d , Q s , Qd, Qcmb, and U cm ^,. 



For models with a spinning dust component, another term is added to Equation | 

Tadiy) = T sd {v K )S sd {v), (38) 
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Where S s d(v) parameterizes the shape of the spinning dust s pectrum, and is int erpolated 
from values for the "cold neutral medium" spectrum given by ISilsbee et al.l (1201 1 ). An op- 
tional shift parameter can be used to rescale the frequency dependence before interpolation. 
This shift parameter applies to the full sky and does not vary per pixel. After shifting and 
interpolation, the spectrum S s d(v) is normalized to unity at K-band, leaving T S( i{u-^) as the 
only spinning dust parameter for each pixel. Independent fits were performed to determine 
the best-fit shift parameter, which for the averaged sky was found to be 0.84. Inside the 
Kpl2 mask (within a few degrees of the galactic plane) the preferred shift parameter may 
be somewhat lower (0.77), but the evidence is not strong. 

The spinning dust component is assumed to have negligible polarization, as theoret- 
i cal expectations for the polarization fraction are low compared to synchrotron radiation 
( ILazarian fc Drainell2000l ). and pola rization data thus far show no e vidence that such a com - 
ponent is necessary ( Sectio n 15.3.21 iLopez-Caraballo et al.l (120111 ). iDickinson et al.l ( 1201 ll ). 
Rubino-Martm et al.l (J2012J)). This model then has 11 free parameters per pixel: the 10 
parameters of the base model, plus the spinning dust amplitude. 

MCMC fits f or the nine-year relea se were performed with the addition of the 408 MHz 
data compiled by lHaslam et al.l (Il98ll ). The error on the zero point for this data was esti- 
mated in that work to be ±3 K, with an overall calibration error of 10%. As the MCMC 
method treats all input maps equally, for consistency we estimate and subtract a nominal 
zero point offset of 7.4 K, a s determined by the same esc \b\ method we use for the WMAP 
sky maps. For comparison, lLawson et al.l ( 119871 ) used a comparison with 404 MHz data to 
find a uniform (presumably extragalactic) component with a brightness of 5.9 K. 

We find that to best fit the 408 MHz data, the spinning dust spectrum needs to have 
its peak frequency adjusted downward by approximately 15%, similar to the case in the 



Table 13. Reduced \ 2 per pixel of MCMC fits 



Dataset 


Model 


Galactic plane 


outside Galactic plane 


full-sky average 


WMAP five-band 


(a) base 


2.38 


1.17 


1.29 




(b) sd096 


1.00 


1.06 


1.05 


WMAP & 408 MHz 


(c) base 


2.46 


1.13 


1.25 




(d) sd096 


6.27 


1.42 


1.88 




(e) sd070 


1.76 


1.33 


1.37 




(f) bsfree sd084 


1.24 


1.03 


1.05 




(g) bsfree Strong sd084 


1.05 


1.01 


1.01 
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previous release. We also find that a much better fit is achieved in the plane by varying the 
synchrotron spectral index, which for that region allows a xt = 1-24 versus xt = 1-76 with 
fixed index, for 8.5 effective degrees of freedom. The mean spinning dust fraction inside the 
KQ85 mask is somewhat lower than in the seven-year fit, at 10% of 22 GHz flux compared 
to 18% in the seven-year fit. 

We also find that the fit is improved by taking into account so me mild steepening of the 



synchrotron spectrum from 408 MHz to WMAP's frequency range. IStrong et al.l (120111 ) have 
compared mid-latitude synchrotron measurements and estimates from 22 MHz to 94 GHz 
with predictions of cosmic ray propagation models based on cosmic ray and gamma ray data. 
We adopted their best fit pure diffusion model ("galdef_ID_54_z04LMPD_gO_1.3_withsecS") 
to compute an effective synchrotron spectral index between 408 MHz and 23 GHz (WMAP 
K-band), as well as the index from 23 GHz to 94 GHz over which range it remains nearly 
constant. We calculate the difference in these two indices to be —0.12. Our model g (hereafter 
MCMCg, and listed on the last line of Table [T3|) then uses this difference, so that while the 
model parameter (3 S is used as the synchrotron index for the WMAP bands, the value /3 S +0.12 
is used to extrapolate the synchrotron component down to 408 MHz for comparison to the 
map of Haslam et al. The parameters from this fit are shown in Figure [201 



5. 3. 6. Six Band Minimal Prior Chi-Squared Fitting 

In this section we attempt to find a best fit foreground model that is consistent with 
both the WMAP data and Haslam. This is intended to be a faster fit than was done with the 
MCMC method in Section 15.3.51 and so it allows us to experiment with models more rapidly. 
Because this method simply finds the maximum likelihood point of the foreground model, it 
does not provide errors bars as the MCMC method does. Also, we avoid priors in the form 
of foreground component sky maps, which were used in the MEM fitting in Section 15.3.41 
The priors we use in this section are mostly in the form of the foreground spectral shapes 
(relative antenna temperature as a function of frequency) instead of in the form of sky maps. 
This is a complementary form of analysis to the MEM fitting. 



5.3.6.1. Data and noise Our data consists of maps smoothed to a common resolution 
of 1° FWHM, which we pixelize at r6. We use 6 maps: 408 MHz and the five WMAP bands. 
We use the original Haslam map (408 MHz) as in Section f5. 3. 41 with the same offsets, except 
in this case we do not use t he ARCADE extrag alactic background. Instead of subtracting 
12.96 K, we subtract 2.6 K ( iTartari et al.l 120081 1 . so the Haslam map used in this section is 
10.36 K brighter in antenna temperature in all pixels. The rms noise in each pixel of the 
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Fig. 20. — Parameter maps from the MCMCg model fit. The top four maps are shown on 
logarithmic scales and the others are on linear scales. Accurate determination of the CMB 
close to the Galactic plane is inhibited by CMB-foreground covariance. 
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408 MHz map is taken to be 10 % of the antenna temperature, added i n quadrature with a 
0.6 K uncertainty in zero point ( IHaslam et al.lll982r iTartari et al.ll2008l ). 



We consider three noise components for the WMAP bands in this foreground fitting: 
the 0.2% overall gain uncertainty, the cjq/ V N \> s instrument noise, and the uncertainty in the 
diffuse foreground monopole corrected with the esc \b\ offsets, discussed previously. Because 
our fitting is done on a per-pixel basis, we approximate these errors as uncorrelated between 
pixels, and we add them in quadrature. 

The instrument noise can be treated carefully to account for the smoothing to 1° FWHM. 
Typically it is inaccuracies in the foreground model that cause x 2 to be large and not the 
details of the noise. However, a detailed treatment of the noise smoothed to 1° in r6 pixels is 
given in Appendix |D] Again, because we fit on a per-pixel basis, we ignore the correlations 
in noise between nearby pixels. 



5.3.6.2. Foreground Models We start with a simple foreground model consisting of 
several simple power laws, and progressively add complexity to the model to improve the fit. 
The foreground model we use involves temperature only; we did not try to fit polarization. 
The sequence of foreground models we use is listed in Table HU and details are discussed 
below. 

The synchrotron spectrum is either taken to be a pure power law in antenna temp e rature , 
Ta oc i/#>y nc , or derived from assuming the spectral index curve from IStrong et al.l ( 120111 ) , 
Figure 6, upper right corner. This is the curve for a low-energy electron injection index of 
1.3 and is the same spectrum as used in the MCMC fitting. To this spectral index curve 
we optionally add an offset in /3 sync , —0.5 < A/3 sync < 0.5 independent of frequency. We 
numerically integrate this spectral index curve to obtain synchrotron antenna temperature. 



The free-free spectrum i s the slightly curved m odel given by lOsterl (119611 ) and rearranged 
for antenna temperature by lBennett et al.l (l2003al ). This is 



T 



WMAP, 



V) OC 



1 + 0.2218 ln(T e /8000K) - 0.1479 ln(^/41GHz) 
(z//41GHz) 2 (T e /8000K) 1 /2 



(39) 



For simplicity we use an electron temperature of 8000 K. We expect variations in electron 
temperature, but these do not strongly affect the shape of the spectrum. 

The dust spectrum is given by a pure power law, typically with a fixed spectral index 

Of Aiust = 1.8. 



Fina lly, we add a spinni ng dust component. This is an antenna temperature spectrum 
from the ISilsbee et al.l (1201 ll ) model prediction for cold neutral medium (CNM) conditions, 
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Table 14. x 2 Minimal Prior Fits of Foreground Models 



Model 


synchrotron a 


A/3 S y nc 


ff r 


Pdust 


SD d 


SD peak 




X 2 /pixel 8 


f h 

J bad 


1 


power 





yes 


1.8 


no 




4 


6.07 


36.9% 


2 


power 


vary 


yes 


1.8 


no 




5 


2.54 


11.0% 


3 


power 


vary 


yes 


1.6-2.0 


no 




6 


2.35 


9.5% 


4 


power 


vary 


yes 


1.8 


yes 


15.1 


6 


1.52 


4.4% 


5 


power 


vary 


yes 


1.8 


yes 


12.5-17.8 


7 


0.63 


0.55% 


6 


Strong 





yes 


1.8 


yes 


15.1 


5 


5.37 


29.4% 


7 


Strong 





yes 


1.8 


yes 


12.5-17.8 


6 


4.15 


19.8% 


8 


Strong 


vary 


yes 


1.8 


yes 


15.1 


6 


1.16 


2.1% 


9 


Strong 


vary 


yes 


1.8 


yes 


12.5-17.8 


7 


0.59 


0.46% 



a Whether the synchrot ron is treated as a pure power law or modeled according to a model 



from lStrong et al.l ( 2011 ) 



b For both power law and Strong et al. synchrotron models, we either set the spatial 
variation in spectral index A/3 sync to zero or allow it to vary: —0.5 < A/3 sync < 0.5. In the 
case of a power law, A/3 sync is a perturbation added to /3 sync = —3.0. 



c Thc free- free spectrum is given bv lOsterl (|196ll ): we use an electron temperature of 8000 
Kelvin. 

d Whether a spinning dust spectrum in the shape of the cold neutral medium is used. 

°Range of available peak frequencies for the spinning dust spectrum, in GHz. This is 
either fixed at 85% of the peak frequency 17.8 GHz for the cold neutral medium (which is 
15.1 GHz), or allowed to be a range from 70% to 100% of the CNM peak frequency (which 
is 12.5 GHz to 17.8 GHz). 

f Dcgrees of freedom in the model. Most degrees of freedom are constrained: foreground 
amplitudes must all be positive, for example. The highly constrained CMB amplitude is 
included degree of freedom. 

g The mean \ 2 per pixel, averaged over the whole sky (for temperature only, not polar- 
ization), where \ 2 values greater than 10 are set to exactly 10 so that a few extremely 
bad pixels don't throw off the whole fit. This \ 2 value includes deviations of the model 
from Haslam and WMAP bands, but not deviations from the ILC prior. Since there are 6 
measurements in each pixel (and an ILC prior) and 4 < v < 7 degrees of freedom in the 
model, we would expect % 2 /pixel rj 6 — v for a good fit if we had unconstrained variables. 

h The fraction of the pixels where \ 2 > 10- This is an estimate of the sky fraction where 
the fit is bad. Again, the \ 2 used here includes the difference of the model from the six 
bands, but does not include deviations from the ILC prior. 



-72 - 



with an optional frequency scale factor. If the spectrum is plotted as antenna temperature as 
a function of log frequency, the frequency scale factor simply shifts the spectrum left or right. 
However, instead of quoting the frequency scale factor, we instead quote the peak frequency, 
when the spectrum is measured in antenna temperature as a function of frequency. The 
peak frequency of the CNM spectrum is 17.8 GHz. 

All of these foregrounds are assumed to have a positive scale factor associated with them. 
Synchrotron, free-free, and spinning dust are normalized to K-band antenna temperature, 
and dust is normalized to W-band antenna temperature. 

The CMB is modeled as a blackbody with constant thermodynamic temperature. To 
make the CMB fit look statistically isotropic, we add a prior that the CMB must be within 
5 /iK rms of the nine-year ILC. Without this prior, the data do not constrain the CMB very 
tightly in the galactic plane, and we find the CMB preferring values lower than -250 /iK. 

To approximate the finite width of the WMAP bandpasses, we calculate these spectra 
at three frequencies per band and determine the WMAP response from a weighted average, 
as described in Appendix [El 

5.3.6.3. Fitting Code Fitting the foregrounds is a least squares problem. However, we 
modify the simple linear least squares problem in two ways: we constrain the coefficients, and 
we allow nonlinear foreground spectra. Constraining the coefficients is essential, because we 
know the foregrounds are always positive. Unconstrained least squares fitting will frequently 
give a very negative and therefore unphysical foreground. Secondly, we allow nonlinear 
foregrounds, in the sense that the total foreground is not simply a linear combination of fixed 
foreground spectra. We allow the spectra to vary, for example by allowing the synchrotron 
spectral index to be a fit parameter, or by allowing the peak frequency of spinning dust to 
be a fit parameter. 

There are several codes which can be used to solve this problem. We have not made a 
thorough search of all available software, and we only considered code in IDL since that is 
the language in which much of our other software is written. We have found two codes to 
be useful: a bound variable least squares routine and a Levenberg-Marquardt solver. 

We found a Bound Variable Least Squares (BVLS) routing to be very fast, but it is 
restricted to linear foreground models and so it cannot solve for varying spectral indices or 
spinning dust frequency scale parameters. Because of this constraint we do not use it to 
report results in this paper. However, this code does have the advantage that parameters 



5 bvls.pro, available from |http : / /www- astro . physics . ox. ac .uk/~mxc/ idl/ 
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can be constrained to be positive, so it can provide physically reasonable fits. 

For the results reported in this section (in Table [T4"j) we use the mpfitfun.pro routing, 
which uses the Levenberg-Marquardt algorithm and was written by Craig Marquardt, for 
the constrained nonlinear least squares fitting. This is somewhat slower than the BVLS code 
because it cannot use the assumption that the x 2 function is precisely quadratic in all of the 
fit coefficients. The ability to calculate foreground spectra quickly is an important factor in 
the speed of these calculations. We discuss a useful rapid method of calculating the integral 
over the WMAP bandpasses in Appendix [El 



5.3.6.4. Results The results of this simple foreground fitting are shown in the last 
columns of Table O Additionally, maps from the Model 9 fit are shown in Figure EU 
A set of three fixed power laws in Model 1 does not fit the data well. Allowing spatial varia- 
tion of the synchrotron power-law spectral index in Model 2 substantially improves this, but 
11% of the sky is still fit very poorly. Allowing spatial variation of the dust spectral index 
in Model 3 does not substantially improve the number of well fit pixels, so we fix the dust 
spectral index to /3 — 1.8. Adding a spinning dust component with peak frequency of 15.1 
GHz (which is 0.85 times the CNM peak frequency of 17.8 GHz) does improve the fit, and 
allowing that peak frequency to vary between 12.5 GHz and 17.8 GHz helps even more. See 
Models 4 and 5. 

Because it is probable that the synchrotron is not a pure power law and because we use 
the Haslam data at 408 MHz, which i s much lower i n freq uency than the WMAP data, we 



test a curved synchrotron model from IStrong et al.l (120 111 ). If we do not allow the spectral 



index to vary, we again get bad fits in Models 6 and 7. However, a varying spectral index 
combined with a spinning dust component produces results that are fractionally better than 
a pure power law with the same spinning dust components, as can be seen by comparing 
models 5 and 9, and comparing models 4 and 8. 

None of these fits is perfect. Even in Model 9, there remain a few pixels that are not fit 
well. These are primarily in Ophiuchus, the galactic plane, and the Gum nebula. 



5.3.7. Diffuse Foreground Results 

5.3.7.1. Cross-Comparison of Foreground Fits Maps of parameters from the MEM, 
MCMCg, and six-band \ 2 Model 9 fits are shown in Figures [191 EQl and [2TJ A summary of 



6 availablc from http : / / cow . physics . wise . edu/~craigm/ idl/ idl . html 
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Model 9 Synchrotron Model 9 Free-Free 




10 T A (nK) @ K band 10000 3 T A (^K) @ W band 3000 



Model 9 Spinning Dust Peak Freq. Model 9 |3 Synchrotron 




12.0 V(GHz) 17.5 -3.6 -2.6 



Fig. 21. — Parameter maps from the Model 9 fit. The top four maps are shown on logarithmic 
scales and the others are on linear scales. 
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the parameter treatment for each of these three models is provided in Table [T5j 

Results from these three models are a sampling of the possible parameter space which 
can be used to produce a total foreground model in each WMAP band. Each of these models 
possesses strengths and weaknesses, which can be used to offset one another. Included in 
these considerations are the treatment of the CMB component, the use of spatial priors, and 
the use of spectral constraints. 

Treatment of the CMB. Both the MEM and Model 9 make use of the ILC as the CMB 
estimator: the MEM subtracts the ILC from the WMAP data before fitting, and Model 
9 uses the ILC as a strong prior. As discussed in Section 15.3.7.21 the ILC is an imperfect 
estimate of the true CMB, containing a residual foreground bias signal. MCMCg, on the 
other hand, treats the CMB as a free parameter in its fit solution. While this is a strength 
for MCMCg at high latitudes, CMB-foreground covariance is strongest in the Galactic plane, 
and MCMCg does not separate the CMB and foregrounds well there. Use of the ILC provides 
a better constraint in that case. 

Use of spatial priors. The MEM uses spatial templates to constrain its fitting solution 
at high latitudes where signal-to-noise is lower than in the Galactic plane. This produces a 
less noisy parameter solution at high latitudes when compared to the MCMCg and Model 
9 x 2 St. This is valuable to the extent that one trusts those priors, both in terms of zero 
levels and spatial structure. 

Use of spectral constraints. The synchrotron spectral index /3 8 is a pivotal parameter 
in model fitting, since its behavior influences the model allocation between synchrotron, 
free-free and spinning dust. The MEM assumes a constant value of (3 S = —3 at WMAP 
frequencies. Model 9 and MCMCg allow each p ixel to fit for this parameter independently, 



within the constraints of a iStrong et al.l (120111 ) spectral dependence. Positional gradients 



includi ng; a latitudinal g radient, are probably closer to physical reality than a constant 



value (IKogut et al.l 120071 ). However, with this degree of freedom comes the possibility for 
degeneracies with the free-free and spinning dust parameters. In Figure [23] we show results 
from a foreground degeneracy analysis for a representative pixel in the six-band Model 9 fit. 
There are significant degeneracies between parameter pairs that in c lude e ither synchrotron 



amplitude or j3 s . (A similar result was presented by iGold et al.l (120091 ) for the five-year 
MCMC analysis, although that lacked a spinning dust component). We believe degeneracies 
are a factor in the appearance of the MCMCg and Model 9 (3 S maps, which show a strong 
latitudinal gradient and a dust-like morphology in some regions, e.g., extending south of 
the plane over 150° < I < 190° and in the North Celestial Pol e HI loop that extends north 



of the plane over 120° < I < 150° (IMeyerdierks et al.lll99ll ). All three models share a 



common spectral shape for the spinning dust spectrum. This shape is allowed to shift peak 
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Table 15. Summary of Foreground Decomposition Model Assumptions 



Parameter MEM MCMCg x 2 Model 9 



/3 sync a -3.0, fixed Strong, |A/3| < 0.5 Strong, |A/3| < 0.5 

/3d ust +1.8, fixed free +1.8, fixed 

fa -2.15, fixed -2.16, fixed -2.09 - -2.17, fixed b 

vf cak c 10-30, constrained 14.95, fixed 12.5-17.8, constrained 

CMB ILC subtracted free ILC prior 

polarization data fit no yes no 



external foreground spatial priors Haslam, SFD, FDS, Ha d no no 



S ynchrotron is assum ed to be a power law with a fixed spectral index, /3 S ync, or a variable power law based 



Strong et al.l (|201 lh model, with a best fit value of A/3 added to the spectral index. 



b Thc free- free spectrum for the x 2 Model 9 fit is given bv lOsterl (|196lh with a fixed electron temperature 
T e = 8000 K. The spectral index, fa = -2.14 at K-band and -2.17 at W-band. It increases to -2.09 at 408 
MHz. 

C A spinning dust cold neutral medium spectral shape is used with an allowed range of a peak frequency 
shift, specified in GHz. 



d "Haslam" : the 4 08 MHz survey of lHaslam et al.l (119821): "SFD": the tempera ture-corrected dust map of 
Schlegel et all (1 19981): "FDS": thermal dust model 8 from iFinkbeiner et all |l999l ): "Ha": Ha all-sky mosaic 



from lFinkbeinerl |2003h . 
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frequencies for MEM and Model 9, while MCMCg adopts a fixed peak frequency. Although 
the use of a common shape seems well motivated (see Figure [15]) . there is no guarantee 
that it is correct for all pixels. This is an additional source of uncertainty in the fits, as 
observational deviations from this shape will be distributed primarily among free-free and 
synchrotron components. We note an apparent power deficit in the Model 9 free-free map, 
present to a lesser extent in the MCMCg result, which is dust-like in signature. Finally, we 
note that all models assume a fixed f3ff, and only MCMCg allows for a free Pdust- These are 
less uncertain values, but errors in fixed values can ripple into other components. 

It is nevertheless possible to find relative agreement among these models, especially at 
higher latitudes. The high latitude foreground spectral components in the WMAP bands 
are shown in Figure 122] and all of the fitting techniques support this spectral decomposition 
of the foregrounds. 

The actual foregrounds, especially at low Galactic latitudes, are clearly more complex 
than our parameterizations allow, since variations in physical conditions exist along any line 
of sight. There are some sky locations that were not well fit even with all of the degrees 
of freedom allowed by the \ 2 fitting, such as in Ophiuchus. Given the complexity of the 
foreground emission mechanisms sampled by the WMAP bands, separating the CMB from 
the total observed foreground is a more straightforward and reliable process than the de- 
composition of that total foreground into physical components. Although we have found 
imperfections in the dust and free-free templates we use for foreground cleaning, those im- 
perfections are primarily confined to regions which are masked from use in the cosmological 
analysis, and the use of foreground cleaned maps in the power spectrum analysis is robust. 

A remaining possible Galactic component not included here is the microwave "haze". 
Although its exact shape and attribution has evolved in the literature, in general the haze 
is recognized as excess extended diffuse emission near the Galactic center in the WMAP 
K, Ka and Q maps that is not specifically accounted for by estimated contr ibutions of 
synchrotron, free-free, and spinni ng dust as determined from external templates (IFinkbeiner 
2004 ; iDobler Sz Finkbeinerl 120081 ) . The templates most often used f or this purpose are the 
Ha slam 408 MHz map, a de -extincted form of the iFinkbeinerl (120031 ) Ha all-sky mosaic and 
the IFinkbeiner et al.l (ll999f ) thermal dust models. 



While the excess compared to external templates is clear, the attribution to a physical 
mechanism associated with Galactic emission is not. One interesting possibility charac- 
terizes the haze as a separate hard spectrum synchrotron component associated with the 
Gamma-ray bubbles (IPlanck Collaboration IXl 120121 ; IDobler et al.ll2010l ). It is also possible 
to find reasonable models which adequately descri be the data without the invocation of a 
haze component, as in e.g. iDickinson et al.l ( 120091 ). In these cases, the haze excess is ab- 
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Frequency (GHz) 

Fig. 22. — Spectra of CMB and foreground anisotropy. The foreground anisotropy results 
are averages over the three foreground models (MCMCg, MEM, and Model 9). The upper 
curve for each foreground component shows results for pixels outside of the KQ85 mask, and 
the lower curve shows results outside of the KQ75 mask. The different foreground models are 
in good agreement for the total foreground anisotropy. Results for the individual foreground 
components depend on model assumptions discussed in the text, and typically differ among 
the three models by 5% to 25%. 
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sorbed and distributed amongst other low frequency Galactic components. For example, a 
typical K-band haze intensity a t roughly ±20° latitude near the Galactic center is ~ 100/iK 



([Planck Collaboration IX||2012| ). whereas K-band residuals in those locations for the MEM, 
MCMCg, and Model 9 models are roughly zero with a la deviation of a few /xK. Existence of 
the haze as a separate spatial component is difficult to verify at present and strongly depends 
on allocations between the CMB estimate and assumed form of other Galactic emissions. 
Because the haze is easily absorbed into other model components if not explicitly accounted 
for, and a number of remaining uncertainties exist in the morphology and behavior of low- 
frequency emissions in general (e.g. spinning dust), we feel this is a topic which remains 
open. Additional observations would be beneficial, especially at frequencies below K-band. 

Although the thermal dust and free-free parameter amplitudes differ between the models 
presented here in details, there are clear common-mode similarities when they are compared 
against their externally derived equivalents (which we have used in Section [53^2] for template 
cleaning). Figure [24] illustrates these common-mode features by taking the mean parameter 
amplitudes from three models presented in this paper (MCMCg, MEM and chi-square fitting 
Model 9), and differencing them against their template counterparts. On the left in Figure 
is the mean thermal d ust amplitude at W-ban d minus the 94 GHz estimate derived from 



IRAS and COBE data by lFinkbeiner et al.l (119991 ) . We have chosen to difference against their 



model 8, but a similar result is obtained for their other two-component dust model, model 7. 
In the Galactic plane, all of the three WMAP models show more emission in the outer plane 
and less in the inner plane than that predicted from the FDS models. A more quantitative 
representation of the planar differences is shown in Figure [23 Correlations between MEM, 
MCMCg and Model 9 have roughly unity slopes, whereas correlations against FDS model 8 
indicate FDS is brighter by up to ~ 20% in high intensity regions in the inner Galaxy. 

The right-hand image in Figure [2H shows the difference between a mean K-band free- 
free emission estimate from the same three models in this paper and that from scattering- 
corrected de-extincted Ha using a conversion factor of 11.4 /iK R _1 . Scatter between models 
in the plane generally disallows a definitive free-free mapping there. However, differences 
between the free-free emission predicted from Ha and the free-free model estimates in this 
paper consistently indicate that the Ha prediction is higher by roughly 20-30% in the Gum 
and Orion regions. Free-free differences for the Gum away from the plane, where the optical 



depth is < 1, can be explaine d by a low electron temperature for this region ([Dickinson et al. 



20031 ; IWoermann et al.ll2000l ). Differences for other regions are most likely due to errors in 
the extinction correction, since the assumption of uniformly mixed dust and gas may not be 
valid. Although W-band Galactic emission is primarily either from thermal dust or free-free, 
linear combinations of the FDS dust model and Ha predicted free-free have consistently been 
unable to describe the WMAP data in the plane; these apparent errors in both templates 
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Fig. 23. — Results from foreground degeneracy analysis for six-band Model 9 fitting. The 
contour plots illustrate the degeneracy between model parameters for a representative single 
pixel foreground spectrum. Each panel shows the change in y 2 as the selected pair of pa- 
rameters are varied from their best-fit values while marginalizing over the other parameters. 
Contours are shown for A% 2 values of 0.2, 1, 3, and 10, except values of 0.5, 3, and 10 are 
used for (3 sync vs. synchrotron amplitude. There are significant degeneracies between param- 
eter pairs that include either synchrotron amplitude or synchrotron spectral index, except 
for those that include thermal dust amplitude. 
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are consistent with those fitting errors. 



5.3.7.2. ILC Errors Here we consider two types of error in the ILC: error due to CMB- 
foreground coy a riance , and error due to an incorrect estimate of the bias. See for example 



Hinshaw et al.l ( 120071 ). These are errors which leave residual foreground signatures in the 



ILC estimate of the CMB. 

The bias correction is directly related to the foreground model. To determine the ILC 
bias, we take maps of our foreground-only estimate (without CMB) in each of the five WMAP 
bands and construct an ILC directly. The specific attribution of the foregrounds to individual 
components (synchrotron, free- free, etc.) is not needed in this step; we only require maps 
of the total foreground in each band. If the foregrounds are sufficiently complex (if they are 
not a linear combination of 4 or fewer spectra in each region), then there will be residuals 
in this foreground-only ILC, and this is the ILC bias. The ILC bias consists of foregrounds 
that cannot be removed by any set of ILC weights. With enough diversity in foreground 
spectral components, we can find a linear combination of foreground spectra that mimics the 
CMB, and we cannot remove the CMB signature from the ILC by construction, because the 
ILC weights must sum to 1. To deal with the ILC bias, we construct a foreground model, 
compute the ILC bias, and subtract it directly from the ILC. Inaccuracies in the foreground 
model will translate to an incorrect subtraction of the ILC bias. 



An estimate of the ILC bias was computed by iHinshaw et al.l (120071 ) from simulations 
and three-year data. We revisit the bias computation using the Galactic emission estimates 
in the five WMAP bands from Model 9, MEM and MCMCg. If these models perfectly 
describe the total Galactic emission at WMAP frequencies, then a bias map can easily be 
constructed by applying the flight ILC weights (given in Table [T2|) to these foreground maps. 
Such an application is shown in Figure [261 For comparison, Figure [26] also shows the bias 
correction from the three-year analysis, which is non-zero within the Kp2 mask and zero 
everywhere outside the mask. 

Close to the Galactic plane, the bias computed from the MCMCg model is larger than 
that for the other two models. Removal of this bias from the uncorrected WMAP data 
ILC shows a clear negative residual in the plane for \l\ < 120°, indicating over-correction. In 
addition, ILC regional weights computed for the MCMCg model are sufficiently different from 
flight data values to render the model "goodness" suspect near the plane within the Kp2 cut. 



7 The ILC also has the three types of errors in the band maps mentioned in Section r5.3.6.1l gain calibration 
error, instrument noise, and esc \b\ foreground monopole errors. These can be propagated through to the 
ILC using the ILC regions and the weights given in Table fTS) 
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This is in part due to poorly constrained apportionment between CMB and Galactic signals 
in the plane. In particular there is an inverse correlation between CMB and dust spectral 
index, resulting in higher fractional residuals in portions of the plane for the MCMCg fit to 
V-band. V-band typically has the highest ILC weight, so these residuals lead to a higher 
bias for this model. Within the Kp2 cut, both Model 9 and the MEM bias maps show 
similar behavior to the three-year bias map, although details vary. Both models also return 
foreground ILC regional weights similar to data values, with the MEM showing the closest 
correspondence. Bias levels within the Kp2 cut are estimated from these two models as near 
20 /j,K or less. These levels are either of similar magnitude or smaller compared to those 
computed for the CMB- foreground covariance in the same location (see below). 

Estimating the foreground bias at higher latitudes is more difficult than for the Galactic 
plane regions. Since classic ILC weights are primarily determined using sky pixels within the 
Kp2 cut (even for the high latitude region 0), correspondence between derived model and 
data weights is only a useful diagnostic for pixels within the Kp2 mask. In addition, both 
the MEM and Model 9 results are ILC dependent: MEM subtracts the ILC from the data as 
a prelude to foreground fitting, and the six-band \ 2 Model 9 fit relies on the ILC as a strong 
prior. Since the classic ILC algorithm applies no bias correction outside the Kp2 cut, it is 
possible for any existing high-latitude ILC foreground bias to either remove or add power 
to the high latitude sky which is being fit to a Galaxy model. Since Galactic signals are 
generally weaker here than in the plane, the fractional error is potentially higher. Here the 
MCMC method provides the most objective model for estimating high latitude bias, since 
the CMB contribution is determined independently as part of the fitting process. We have 
used an amalgam of the three model bias maps to construct a very crude estimate of ILC bias 
outside of the Kp2 cut, giving the most weight to the MCMCg result. All three bias maps 
show a common characteristic dust-like excess in the outer Galaxy near the edges of the Kp2 
cut. Two of the three bias maps show a low-level inner Galaxy deficit with a synchrotron-like 
signature. Noise in the bias maps makes a clear determination of the morphology difficult; 
we have used templates to represent the spatial structure, but the fine structural detail of 
the templates should not be taken as truth. Our rough estimate of the high latitude ILC 
bias is shown at the bottom right of Figure [2BJ High-latitude ILC bias is estimated at 10 
fiK or less. 



The CMB- foreground covariance was discussed in iHinshaw et al.l (120071 ). Because the 
ILC weights are constructed by minimizing the variance in a region, the weights adjust to 
allow foreground fluctuations to cancel CMB fluctuations as much as possible. This is more 
of a problem for small regions. Because the total foreground level is well measured in the 
plane (even if we allow complete uncertainty in the CMB for an error term of a ~ 70 fiK, 
the foregrounds are bright enough to make this term small), we can estimate how much the 
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foregrounds could correlate with a random CMB sky with a given power spectrum. This 
estimate will not change substantially with different foreground models (different estimates 
of how much of the WMAP data is CMB and how much is foreground) because it only 
requires knowledge of the total foreground level, which is well constrained by the data. We 
can experimentally determine the CMB-foreground covariance by generating many CMB 
simulations, adding a foreground model to each CMB simulation, making a bias-subtracted 
ILC, and forming an error map by subtracting the true CMB from the ILC in each simulation. 
This gives us an ensemble of error maps, which span a 48 dimensional space. Since the CMB 
simulation is perfectly subtracted by any set of weights that add to 1, our error maps contain 
no CMB from the simulation. They only contain errors from residual foregrounds. Since 
there are 60 weights (going into the 12 regions of the ILC) and 12 constraints where sets of 
weights must add to 1, there are 48 degrees of freedom in the ILC error. As with the ILC 
bias, the results do depend on foreground model, but not nearly as strongly, as mentioned 
above. 

We construct the 48 maps showing the ILC foreground-CMB covariance modes at res 6 
as follows. We take the foreground Model 9 from Section 15. 3. 61 and prograde it directly to r9 
(with no extra smoothing), where the ILC regions are defined. Then we form ILCs by the 
us ual method, ex c ept th at we do not smooth between regions as described in Equation (18) 



of iHinshaw et al.l (120071 ) because we next degrade back to r6, which has a similar effect. We 
do this for 1000 CMB realizations, and form a 49152 x 1000 matrix of the maps, of which we 
take a singular value decomposition to determine the most common modes, taking care to 
normalize properly. There are only 48 singular values that are not effectively zero; we use the 
1000 simulations to better sample these 48 modes and better determine their eigenvalues. 

These modes provide the eigenvalues with nonzero eigenvectors of the foreground-CMB 
covariance error matrix. We compute the square root of the diagonal elements of this matrix 
to provide a visual estimate (that ignores correlations) of this error. The nine-year ILC map 
and this error map are shown in Figure [271 

We demonstrate the use of this error description by propagating the foreground-CMB 
error to the quadrupole-octupole alignment, which we describe in Section I7T41 



5.3.7.3. ILC Considerations The primary difficulty with any method of extracting the 
CMB from the data is determining how much of the temperature in each pixel is foreground 
and how much is CMB. The data only constrain the sum of these two, and we must make 
other assumptions in order to separate them. 

The ILC specifically assumes that the CMB has a blackbody spectrum while the fore- 
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grounds do not. In addition, the ILC assumes that while the foregrounds may change 
amplitude across a region, an individual foreground does not change its spectral shape (pro- 
portional to antenna temperature as a function of frequency), so that a set of ILC weights 
can null a given foreground everywhere in a region. Along with this, the ILC assumes that 
there are four or fewer foreground spectral shapes, since if there were more, we would not 
be able to remove them all with only the five bands of WMAP data. If there were five 
foreground spectra, some linear combination of them would be able to mimic a blackbody 
spectrum, which the ILC has been designed to keep. 

Figure [28] is one way to visualize the foreground complexity of the WMAP data. It 
shows in color the regions that are approximate power laws, and it shows in grayscale regions 
that are not well fit by a single power law. The ILC methodology can handle more than 
a single power law foreground (it can remove up to four of them), so this is not directly a 
map of where the ILC will work well. However, this figure does show the varying nature of 
foreground spectra across the sky. 

Choosing the ILC region size is a trade-off between foreground complexity and foreground- 
CMB covariance. By choosing small regions, we give the foregrounds less chance to vary their 
shape over a region (such as by changing a synchrotron spectral ind ex). But small region s 



are more susceptible to foreground-CMB covariance, as discussed in iHinshaw et al.l ( 120071 ) . 
which suppresses the variance of the ILC to the extent that the foregrounds and CMB 
correlate. 

We could, for example, take minimum variance to be our figure of merit for an ILC map 
and allow arbitrary gerrymandering of the regions on a pixel-by-pixel basis. This could be 
done with a simulated annealing algorithm adjusting some small number of regions (e.g., 4) 
within a galactic mask. However, this would result in an ILC with variance inside the mask 
well below the expected CMB variance, because the regions optimize the foreground-CMB 
covariance to artificially suppress the ILC fluctuations. More knowledge than just the ILC 
variance is needed for intelligent region selection. 

The foreground-CMB covariance can be estimated moderately well, since it only depends 
on an approximate foreground model and knowledge of the CMB power spectrum. We 
estimate this error in Section IS. 3. 7.2l and propagate it to the quadrupole-octupole alignment 
in Section [731 Other errors, such as those due to foregrounds changing spectral shape over a 
region or more than 4 foreground spectra in a region (these cause the ILC bias), are harder 
to estimate because they require an accurate separation of CMB from foregrounds in the 
first place. The demands on this foreground model accuracy depend on the amplitude of 
the foregrounds. For a pixel dominated by CMB, a slight foreground correction need not 
be extraordinarily accurate in a fractional sense. Yet for an extremely bright foreground 
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location on the plane (say, a bright H II region), the foreground model must have supreme 
fractional accuracy to distinguish meaningfully a tiny CMB contribution from the dominating 
foregrounds. 

A more accurate ILC would require either a better bias subtraction or better region 
selection designed to minimize the needed bias correction; both of these require a highly ac- 
curate foreground model. A foreground model that separates out different components (such 
as synchrotron, free-free, etc.) is not needed, only a model that gives the total foreground 
in each band. The ILC bias can be directly calculated by making an ILC of this foreground- 
only data set, and regions could be selected to minimize the bias correction needed in each 
region. However, if we already have an accurate separation of the CMB from foregrounds, 
then the ILC method is no longer necessary, since we already have a map of the CMB. 
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Fig. 24. — {Left): Thermal dust amplitude at W-band averaged over the MCMCg, MEM 
and Model 9 fits minus the thermal dust model 8 from iFinkbeiner et al.l ( 11999I ). (Right): 
Free-free amplitude at K-band averaged over the same three models, minus the free-free 
template estimated from Ha observations. 
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Fig. 25. — The ratio of W-band predicted thermal dust emission (jFinkbeiner et al~ ( 1999 ) 
model 8) to the mean over three models (MCMCg, MEM, Model 9) as a function of longitude 
for \b\ < 5°. Error bars are derived from the rms scatter of the three models about the mean. 
A line is a plotted at 1.0 to guide the eye. Modeled emission shows systematic variations 
from the FDS prediction by up to 20%. 
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Fig. 26. — Estimates of foreground bias error remaining in the ILC map, o n a s cale of 
±15 /iK. Top left: Bias map from the three- year analysis of iHinshaw et al.l (120071 ) . The 
map is zeroed outside the Kp2 cut. Top right and middle: Bias estimates resulting from the 
application of the nine-year ILC coefficients to the Galaxy models from MEM, Model 9 and 
MCMCg analysis. The bias map from the MCMCg analysis is overestimated in the plane 
(see text). Bottom left: ILC error from foreground-CMB covariance. Within the Kp2 cut, 
this error and the foreground bias are of comparable magnitude. Bottom right: An estimate 
of the potential magnitude of ILC foreground bias outside the Kp2 cut, based on the various 
model results, with heavy weight given to the MCMCg model. Bias errors of 10/iK or less 
are indicated. 
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Fig. 27. — The top map is the nine-year ILC. The bottom sky map displays the part of the 
ILC error in each pixel due to foreground-CMB covariance, using the Model 9 foreground 
estimate from Section 15.3.61 This shows the square root of the diagonal of the covariance 
matrix, on a linear color scale. Therefore it shows the standard deviation of expected error 
fluctuations, marginalizing over correlations between pixels. The color scale range was chosen 
because the r6 ILC map has a CMB standard deviation of 66 /iK. Thus, full scale on this 
map has equal variance with the CMB, and at the halfway point on this color scale the 
foreground-CMB error variance is down to a quarter of the CMB variance. 
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Fig. 28. — The dominant power law in a pixel, combined with information about whether 
the data in that pixel look like a pure power law, over the WMAP bands. This image was 
generated by individually specifying the hue, saturation, and value (HSV) for each pixel. 
The hue, shown in the color scale, describes which power law best fits the data. It is labeled 
with values of /3, where the power law in antenna temperature is T^{y) oc v$ . The saturation 
describes how well the data fit a power law, so that desaturated (white, gray, black) pixels are 
not well fit by any power law. Specifically, let ua be a 5- vector of the WMAP thermodynamic 
temperatures, rescaled to be a unit vector, and let n p be a 5-vector of the best fit power 
law in antenna temperature, converted to thermodynamic and then also rescaled to be a 
unit vector. Then the saturation is ua • n p , which is just the cosine of the angle between 
these two vectors. The scale is from 0.995 (unsaturated) to 1.0 (completely saturated), so 
if the two 5- vectors are more than 5.73 degrees apart, the pixel is unsaturated. The value 
in the HSV color space is the magnitude of the data 5-vector, so it is the square root of the 
sum of the squares of the WMAP thermodynamic temperatures, on a scale of to 2 mK. 
Therefore blacker pixels have less emission in all bands; lighter pixels have more emission. 
The nine- year ILC was subtracted from the WMAP data, before computing the above image. 
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6. Nine- Year Angular Power Spectra 

In this section we present the nine-year WMAP intensity and polarization angular 
power spectra. We describe changes in methodology from earlier analyses, and discuss the 
new results. 

The nine-year temperature-temperature (TT) power spectrum computation uses the 
full set of V-band and W-band cross-power-spectra. For 2 < I < 32 the TT power spec- 
trum relies on the Gibbs sampled pixel likelihood, as was the case with the five-year and 
seven-year data releases. New for this nine-year analysis, the 32 < I < 1200 TT power 
spectrum is calculated using unbiased and optimal C~ l estimation. Earlier releases provided 
power spectra computed using the Monte Carlo Apodised Spherical Tr ansform EstimatoR 



(MASTER) method, an unbiased but non-optimal quadratic estimator flHivon et al.ll2002l ). 
As was the case for the seven-year WMAP analysis, the polarization power spectra continue 
to be computed using MASTER. 

For the 2 < / < 32 Gibbs sampling, we use a slightly different ILC map than we have 
in the past. We use a bias-corrected one-region ILC map. The same weights are used for 
the whole sky; these weights are chosen to minimize the variance of the ILC outside of the 
combination of the first-year Kp8 mask and the seven-year point source mask. The data used 
for this low-resolution analysis are the deconvolved one-degree-smoothed nine-year maps for 
K- through W-bands. The coaddition over nine years was done using a slightly older version 
of A bs that was available at the time we did the calculation; this has a small effect on the 
final nine-year temperature maps. 

The bias correction for this ILC requires a foreground model. We determine the fore- 
ground model by fitting four one-degree smoothed templates and a monopole term to the 
one-degree smoothed W-band data. We do the fit outside the combination of a Kp22 mask 
and seven-year source mask, to avoid requiring that the templates be highly accurate in the 
brightest portion of the galactic plane. The four templates are as follows. We use the FDS 
model 8, evaluated at 94 GHz, as described in Section [5.3.2. It a de-extincted Ha map with 
scattering correction applied, described in detail in Section I5.3.1j a dust model emission 
"delta correction" map, computed as FDS model 8 multiplied by (Td us t — (Tdust))/(Tdust), 
where T dust is the dust temperature map from SFD and the average dust value (T dust ) was 
calculated outside the Kp2 mask; and a map of discrete HII region emission ( primarily along 



the pl ane) , evaluated at 2.7 GHz and 1 degree beam width using data from the lPaladini et al. 



(120031 ) catalog of 1442 Galactic HII regions. This last map was scaled to 93 GHz assuming an 
optically thin free-free spectrum for each source. After removal of these foregrounds from the 
W-band map, we consider the remainder to be a pure CMB map. To obtain our foreground 
model of the galaxy, we subtract this CMB estimate from each band of the flight data. Our 
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foreground model therefore has information about how much temperature comes from the 
CMB and how much from foregrounds, but it does not break the foreground temperature 
into physical components, since this is not necessary to estimate ILC bias. 

The ILC bias can then be calculated as the error in an ILC map, averaged over many 
CMB realizations but using the same foreground model. It can be directly computed by 
making an ILC of the foreground-only data, without adding in a CMB simulation. We 
subtract this ILC bias from the one-region ILC described above. 

We do use CMB simulations to determine the foreground- CMB covariance error modes. 
Using a power spectrum from a set of seven-year simulations, we generate 100 CMB realiza- 
tions, add our foreground model, and generate a one-region ILC as above. There are four 
error modes, since we generate the ILC from five weights with the single constraint that they 
must sum to 1. We determine these modes from the covariance matrix of errors. We find 
that one mode is negligible outside of the KQ85y9 mask that is used for Gibbs sampling, 
so we only marginalize over the three most important CMB-foreground covariance modes in 
the Gibbs sampler. 

We smooth the ILC map to 5° FWHM (Full Width at Half Maximum) before any 
masking; this is the map over which we Gibbs sample. Since the ILC is already smoothed 
to 1° FWHM, this requires an additional smoothing by y/2A pa 4?9. We then degrade the 
map to r5, and add 2 /iK rms noise per pixel to the r5 ILC, as was done in the five-year and 
seven-year data releases. The Gibbs sampler uses a mask based on degrading the KQ85y9 
mask to r5, and leaving unmasked only those r5 pixels for which > 50% of the r9 pixels are 
unmasked. The KQ85y9 mask allows through 2353196 out of 3145728 pixels, or 74.8% of the 
sky. After degrading to r5 by the above method, the mask lets through 9496 out of 12288 
pixels, or 77.3% of the sky. According to our newly estimated ILC errors, the pixels near 
the edge of this mask may fluctuate randomly up to about ~ 11 /iK, so residual foregrounds 
are a small fraction of the CMB variance when the masked ILC is used. 



6.1. High I TT summary 



The opt imal (i.e. minimum variance) po wer spectrum estimator has been known for 
many years (ITegmark! 119971 ; iBond et al.lll998l ) but has appeared to be computationally in- 
tractable for a large (> 10 6 pixel) experiment such as WMAP. As a result, standard practice 
is to use estimators that do not achieve optimal statistical errors, in exchange for reduced 
computational cost. For the nine-year WMAP data, we replace the MASTER power spec- 
trum estimator by the optimal unbiased quadratic estimator. This optimal estimator has 
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now been implemented in a computationally affordable way. We report the first WMAP 
power spectrum with optimal error bars on the TT spectrum across the entire observed 
range of scales 2 < / < 1200. 



The basic building block is a fast algorithm ( ISmith et al.l 120071 ) for multiplying a tem- 
perature map (thought of as a length- A^ pix vector x) by the iV pix -by-A^pi x inverse covariance 
matrix C" 1 . Here, the covariance matrix C = S + N consists of signal and instrumental noise 
contributions, and incorporates the Galactic mask, the instrument beam size, and marginal - 



ization over the monopole and dipole. The multigrid algorithm from ISmith et al.l (120071 ) 
allows a single multiplication operation of the form x — > C~ l x to be performed for WMAP 
in « 10 core-minutes, although it is impossible to compute (or even store) the matrix C~ l 
in dense form. This means that all computations involving C~ l must be formulated so that 
they are based on a (reasonably small) number of multiplications of the form x —> C~ 1 x. 

In practice, we need to modify the optimal estimator C\ by removing auto-correlations, 
which are highly sensitive to the instrumental noise model. For an all-sky experiment such 
as WMAP the noise must be known to < 0.1% to avoid a statistically significant additive 
bias to Ci. This level is impractical to achieve, but sensitivity to the noise model can be 
mitigated by constructing a modified estimator, C*, that only includes terms calculated 
from cross-spectra. 

The unnormalized estimator written out for a single map d is 

S t [d] = IcFC^An^C^d (40) 

where A is the a^-to-map operator that includes beam convolution, and 11/ projects out all 
modes not at a given multipole /. The optimal power spectrum estimator G\ is constructed 
from 

d t [d\ = f iT * - m) , (41) 

where Mi is the noise bias and the Fisher matrix Fu> is given by 

F lv = [A T C^A IT, A T C~ l A IL,) . (42) 

We also construct a cross-correlation-only power spectrum estimator C* with zero noise bias, 
by only keeping cross-correlations between maps with independent noise. More specifically, 
we divide the data into maps d a , where a = (c,y) indexes a combination of a differencing 
assembly c = VI, V2, Wl, W2, W3, W4 and a specific single year of WMAP data, y. The 
unnormalized estimator E\ defined in (j4"U|) can then be written as a double sum over pairs 
(a,/3); we simply keep the terms with a ^ f3 to define an unnormalized cross-correlation 
estimator E-f . (In implementation, it is more computationally efficient to subtract the terms 
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with a = 0.) We then define the cross-correlation estimator C* by C* = (F£) l £y , where 
F£ is an appropriately modified Fisher matrix. 

The WMAP C^ 1 TT pipeline provides a power spectrum estimate and an estimate 
for the covariance matrix Cov(C/,CV). To account for the slight non-Gaussianity of the 
likelihood at I > 32, our likelihood remai ns the combination of a Gaussian and offset log- 



normal distribution in ^ th , as discussed in lVerde et al.l f|2003[). Dis cuss ion of the log- norma l 



distribution for cosmological likelihoods is also in lBond et al.l ( 120001 ) and lSievers et al.l ( 120031 ). 
We use a noise estimate to provide the offset in our offset log-normal distribution, jY\. This 
is the error in the power spectrum due to instrument noise, in the form of 1(1 + l)Ci/(2ir). 
Additional variables to describe the likelihood include 



l(l + l)Q 



2tt 



1(1 + l)C\ 



th 



(43) 



2tt 

zf 1 = ln(% th + (44) 
B w = (% th + JK)Qiv{^ + <A>), (45) 

where Qw is the inverse covariance matrix of the power spectrum estimate % provided by the 
optimal estimator. Finally, we write the WMAP likelihood as a combination of a Gaussian 
and offset log-normal distribution. 



In =2causs 

ln^LN 

In J2/WMAP 



\ 5Z(^ th - %)Qw( c 4 h - %') + const. 

IV 



w 

- In J2?Gauss + - In =^LN 



(46) 
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(48) 



6.2. The C" 1 Pipeline 

We first applied the new C^ 1 pipeline to the seven-year WMAP data after its publica- 
tion. We performed end-to-end tests to arrive at the first WMAP power spectrum that is 
optimal for all values of I. We then compared the new power spectrum with the pseudo-Q 
MASTER spectrum from the WMAP seven-year release. We did not propagate the optimal 
power spectrum to cosmological parameter constraints for the seven-year data. Based on the 
seven-year power spectrum comparisons, we decided to implement the C~ l power spectrum 
for what are now the nine-year WMAP results. 

The WMAP seven-year data C~ x evaluation used foreground-cleaned maps from the 
six V- and W-band differencing assemblies, further subdivided by individual year data y = 
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1, 2, ... 7, for a total of 42 cross-correlations. We masked regio ns of high Galact ic foreground 



emission and bright point sources by using the KQ85 mask (jGold et al.ll201ll ). We report 
a power spectrum to Z max = 1200, but we ran the pipeline to Z max = 1500 to avoid edge 
artifacts near the maximum multipole of the reported power spectrum. 

Unless otherwise specified, all results are based on the power spectrum estimator C* , 
which only contains cross- correlations. After estimating the power spectrum, we subtract an 
estimate of the bias due to unresolved point sources, assuming a single population of radio 
sources with frequency dependence g aa t( l/ ) oc z/~ 2 09 in antenna temperature, or equivalently 

hv \ " 2 (exp(^//cT CM B) - l) 2 _ 2 .09 



\k2omb/ exp(hv/kT CMB ) 

in thermodynamic temperature units, where h is Planck's constant, k is the Boltzmann 
constant, and T CM b is the CMB monopole temperature. 



6.2.1. C 1 Pipeline Tests 

In our power spectrum pipeline, we precompute three quantities: a transfer matrix Fu> 
that represents the mean response of the unnormalized estimator at multipole / to CMB 
power at multipole V; the bias of the power spectrum estimator due to unresolved point 
sources; and the noise bias, for the auto-correlation estimator C\ (but not for the cross- 
correlation estimator C*). In Figure |29| we present end-to-end Monte Carlo tests of these 
precomputations using three simulated ensembles: CMB-only simulations, point source sim- 
ulations, and noise-only simulations. In all cases the ratio of the recovered power spectrum 
(averaged over many Monte Carlo realizations) to the expected power spectrum is consistent 
with unity. 

Our pipeline uses interpolation in / to estimate transfer matrices, noise bias, and point 
source bias. We did an end-to-end test of the interpolation accuracy as follows. We reran 
the pipeline with half the interpolation step size, treated the difference between the two 
estimates as a power spectrum bias, and then we did a Fisher matrix forecast to determine 
whether the resulting bias was statistically significant. In all three cases, we found that the 
resulting bias is < 0.02a, i.e. much too small to be important. 

We estimate the power spectrum covariance matrix Cov(C* ,Cjf) using Monte Carlo 
simulations. A direct Monte Carlo estimation of a 1200-by-1200 covariance matrix would 
require a prohibitive number of simulations, but this can be sped up using computational 
tricks: (1) the covariance Cov(C/,C/') of the auto-estimator is equal to the inverse Fisher 
matrix F^, 1 , so we only need Monte Carlos for the estimator difference (C7* — Cj); (2) we 
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Multipole moment / Multipole moment / 

Fig. 29. — End-to-end Monte Carlo pipeline tests. The gray lines are individual Vs and the 
black lines are boxcar smoothed with A/ = 50. In all four cases, the ratio of the Monte 
Carlo estimated power spectrum and the predicted value is consistent with unity. Top 
left. Ratio (C^) sig /C^ d between mean estimated power spectrum of CMB-only simulations 
and the fiducial input spectrum. Top right. Same as top left panel, but using the auto- 
correlation estimator C\ instead of the no-auto estimator C* . Bottom left. Ratio between 
mean estimated power spectrum of noise-only simulations and the predicted noise bias, using 
the auto-estimator C\. Bottom right. Ratio between mean estimated power spectrum of point 
source simulations and predicted bias. 
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only estimate variances and assume that off-diagonal covariances are given by appropriately 
rescaling Fisher matrix elements; and (3) we smooth the variance estimates in I. These tricks 
allow the covariance matrix to be accurately estimated from a small number of simulations. 
As an end-to-end convergence test, we compared covariance matrices C 256 , C 5 i 2 constructed 
using 256 and 512 Monte Carlo simulations respectively. We found that all matrix entries 
were nearly identical in that all Karhunen-Loeve eigenvalues of the matrix pair (C256, C512) 
are between 0.999 and 1.001. 



6.2.2. C 1 Versus MASTER Comparison 



In Figure l6.2.2[ we show the binned power spectrum estimates for the seven-year WMAP 
data obtained using the optimal pipeline, descri bed above, w i th th e sub-optimal MASTER 
results used in the seven-year WMAP release (ILarson et al.l l201ll ) shown for comparison. 
The agreement is excellent; the two estimators agree to better than la in every /-bin, as 
expected when comparing an optimal and near-optimal analysis of the same data. 



To compare the two estimators more closely, in the left panel of Figure [31] we show the 
difference between the optimal and sub-optimal estimators, before and after smoothing in I. 
No systematic trends are seen, as expected if the difference is pure statistical scatter. There is 
a small region near I = 50 where the optimal estimator fluctuates to a lower value of C\ than 
the sub-optimal estimator. This fluctuati o n slig htly shifts the best-fit value of the spectral 
index n s , as discussed by iHinshaw et al.l ( 120121 ). This appears to be the most important 
difference between the two estimators for purposes of cosmological parameter estimation, 
aside from the effective sensitivity improvement discussed below. 



The right panel of Figure [31] shows the ratio between the power spectrum variance 
Var(Cz) obtained using the optimal and sub-optimal estimators. The optimal estimator 
improves the variance by 7-17% depending on the value of I. This level of improvement is 
roughly comparable to the improvement in going from seven-year to nine-year data (which 
varies from no improvement at low / to a factor of 9/7 = 1.28 in Ci at high I). 



6.3. WMAP Power Spectra 

The nine- year TT angular power spectrum is shown in Figure [32] The cosmic variance 
curve on the power spectrum has been adjusted to more accurately reflect cosmic variance. 
In the past, the value of / s k y that we used to expand the error bars was generated by the 
MASTER code, and it was roughly the geometric area of the observed sky, which was not 
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Fig. 30. — Binned WMAP7 power spectrum estimates using the optimal pipe line from this 
pape r (left/black error bars), with the estimates from the WMAP7 release (ILarson et al. 
20 111 ) shown for comparison (right /grey error bars). 
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Fig. 31. — Detailed comparison b etween WMAP7 op timal power spectrum estima 



tor and suboptimal estimator from lLarson et al 
Cj Subopt )/Var(C° ptima1 ) 1 / 2 between the two estimators in 
smoothed with Al = 10. Bottom: Variance ratio between suboptimal and optimal estimators 



((20111). Top: Difference (C optimal - 
sigmas", for every /, and boxcar- 
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optimal. With the C~ x method of estimating the power spectrum, such as was used in the 
Gibbs sampler, one can reconstruct the low I multipoles on the full sky more accurately than 
one might naively expect. Doing so makes / s k y ,z close to unity at very low I. In Figure [321 
we use the value of /sky,; generated by the high-/ C^ 1 code, which is applicable at all lower /. 

The shaded region represents the la error bar from cosmic variance, which is the region 
where 68% of binned power spectra that are randomly sampled from the theory curve would 
appear. We form the error bars around the 68% with highest probability density per unit 
C%. These are determined by sampling 10 6 power spectra from the theory spectrum and 
binning them. At each multipole /, the value of the power spectrum is sampled from a 
xt distribution (which has a mean of v) with u = (21 + l)/ s 2 kyi degrees of freedom. The 
spectrum is then scaled by /(/ + l)Ci/ (2-kv) to give it the correct mean. Sampling from 
the xl distribution rapidly is done by choosing random numbers in the interval [0, 1] and 
then using an interpolated cumulative density function to determine the value of xl- After 
binning the power spectra, we determine the location of the error bars for each bin by finding 
the pair of samples that enclose 68% of the other samples in the bin and are closest together. 

After determining the bin error bars, we consider how to plot the cosmic variance error 
bar for a binned angular power spectrum. Due to the abrupt change in binning, from a bin 
size of 1 at / = 2, 3 to a bin size of 2 for the bin containing / = 3 and / = 4, the cosmic 
variance error bar drops significantly. 

Despite using a binning scheme, we opt to plot the theory power spectrum as a curve at 
each /, instead of a binned quantity. Recall that for the random distribution of /(/ + 1)C; / (2tt) 
values, the mean of the theory spectrum values in a bin is the mean of the binned cosmic 
variance samples. Binning the mean of the distribution at each / gives the mean of bin. (This 
is not true for the median or the mode.) Likewise, we want to put an unbinned error bar 
on the curve with the height of the upper error bar as the height of the upper error bar on 
the binned value. In this way, the average height of the cosmic variance curve over the bin 
is the correct upper error bar for that bin. We then use a spline interpolation of the upper 
and lower error bars between each bin center. This makes the above statement fractionally 
less true, but prevents abrupt changes in the height of the cosmic variance curve at the bin 
edges. The measurements are cosmic variance limited for / < 457 and have a signal-to-noise 
ratio above unity for / < 946. 

The change of the template cleaning method from the seven-year to the nine- year analy- 
sis results in a slight change in the low-/ power spectrum. For 2 < / < 16, using the MASTER 
method with the KQ85y9 mask, the absolute value of the change in /(/ + l)/(27r)C; due to 
the template cleaning is typically 4% of cosmic variance per /. 
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Fig. 32. — The nine- year WMAP TT angular power spectrum. The WMAP data are in 
black, with error bars, the best fit model is the red curve, and the smoothed binned cosmic 
variance curve is the shaded region. The first three acoustic peaks are well-determined. 
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Figure [33] shows the temperature cross-power spectrum with the E-mode polarization 
(TE) spectrum. This angular cross-power spectrum is computed using the MASTER likeli- 
hood code, with the lowest 2 < I < 7 bin determined using the more accurate pixel likelihood 
code. This was conditioned on the maximum likelihood power spectrum, and varied the value 
(/ + l)Cf E / (2ir) = B2-7. The value -B2-7 is independent of /. To maintain the requirement 
that Cf E < a/ Cf E Cj T for a given bin value -B2-7, we adjust the Cf E spectrum upward from 
the best fit theory only as much as needed, on an I by / basis. As we vary -B2-7, the error 
bar is based on the minimum x 2 value, and where A% 2 = 1 in either direction. This gives an 
asymmetric error bar. Note that this would be a la error bar for a Gaussian distribution, 
but it does not necessarily contain 68% of the likelihood due both to conditioning on the 
higher I TT, TE and EE power spectra, as well as to the non-Gaussian shape of the power 
spectrum meaning that A\ 2 = 1 does not correspond exactly to a 68% confidence interval. 

Figure [34] shows the temperature cross-power spectrum with the B-mode polarization 
(TB) spectrum. This angular cross-power spectrum is computed using the MASTER like- 
lihood code. The TB angular power spectrum is expected to be zero and the data are 
consistent with this expectation. The 2 < I < 7 EE power spectrum is shown in Figure 
The 2 < I < 7 BB power spectrum is shown in Figure 



For runni ng chains, we update t he Sunyaev Zel'dovich spectrum template to the spec- 



trum given by iBattaglia et al.l ( 120121 ). Their thermal SZ spectrum is multiplied by 3.61 to 
scale from 150 GHz to V-band (61 GHz). To convert from 150 to 148 GHz for ACT, we 
multiply by 1.05. The kinetic SZ spectrum does not need to be rescaled. The sum of kinetic 
and thermal spectra is used as the SZ template, for the frequency corresponding to each 
experiment; it is this sum that is multiplied by the SZ amplitude which is varied in the 
Markov chains. 
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Fig. 33. — The TE spectrum. The WMAP data points and error bars are in black. The red 
theory curve is fit to the full WMAP data, including the TT angular power spectrum data. 
Note that the vertical axis on these spectra is (/ + l)Ci/(2ir) instead of 1(1 + l)Ci/(2ir); this 
vertical scale differs from that of the TT spectrum plot by a factor of I. The lowest I TE bin 
where 2 < / < 7 has been adjusted using a pixel likelihood code. 
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Fig. 34. — The TB spectrum. The TB spectrum uses the MASTER likelihood code. Note 
that the vertical axis on these spectra is (l + l)Ci/(2w) instead of l(l + l)Ci/ {2ir); this vertical 
scale differs from that of the TT spectrum plot by a factor of I. 
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Fig. 35. — Individual likelihood functions of the low I EE polarized power are shown for 
/ = 2 through 7. When fitting at a particular I, we set C\ at all other values of I to the value 
in the best fit WMAP power spectrum. In addition, at the I in question we set Cf E = 
to maintain that Cj E < ^JCj T Cf E . The black diamonds denote the best fit WMAP EE 
power spectrum. These likelihood functions include sample variance. 
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Fig. 36. — Low ell BB spectra. Other C\ values are fixed to the best fit WMAP power 
spectrum. 
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7. Power Spectrum Goodness of Fit and Map Anomalies 

7.1. Goodness of Fit 

The likelihood code we release comes with a test code that runs on the WMAP nine- year 
best fit ACDM power spectrum (with no extra priors). This splits up the likelihood into 
several parts. We first look at each part and then combine the results for an overall estimate 
of goodness of fit. The high-/ TT spectrum in the / range 33-1200 has 1168 degrees of 
freedom, and a y 2 value of 1200. This gives a reduced x 2 value of 1.027, and the probability 
to exceed this is 25.1%, which indicates a good fit to the data. The high-/ TE spectrum in 
the / range 24-800 has 777 degrees of freedom and a \ 2 value of 815.4 for the same model. 
The probability to exceed this x 2 value is 16.5%, which again indicates a good fit. The low-/ 
polarized pixel-based likelihood contains 585 unmasked res 3 pixels each with a Q and U 
Stokes parameter, for 1170 degrees of freedom. The x 2 value for this part of the likelihood 
is 1321. The probability to exceed this \ 2 value is 0.13%, which is unusually low. 

We have not yet mentioned the low / TT and TE spectra. Recall that the low / polarized 
pixel likelihood decorrelates the temperature and polari zation maps of the sky using the ILC 



and TT and TE spectra, as described in Appendix D of iPage et al.l ( 120071 ). After doing this, 
one obtains a \ 2 f° r the pixelized QU likelihood that incorporates information about TE, 
which is why we do not have a separate TE x 2 value for / < 23. The / < 32 TT likelihood 
is computed by a Blackwell-Rao estimator, based on Gibbs samples. This code does not 
naturally generate a value comparable to a x 2 quantity. However, it does provide a likelihood 
function which can be applied to any low / TT spectrum, and in the process of doing the 
sampling one obtains many spectra (not smooth, typically) which have been sampled from 
this likelihood function. One can look at the distribution of likelihoods resulting from these 
spectra and determine whether our best fit spectrum creates an unusually low likelihood. We 
do this and find that our best fit power spectrum generates an acceptable likelihood value. 

Adding the three x 2 values mentioned above gives 3115 degrees of freedom with a total 
X 2 value of 3336.4. The probability to exceed this x 2 value is 0.3%, which is still unusually 
low. This is driven completely by the low / polarized likelihood. 

We investigated the origin of the excess x 2 m the low-/ polarization data. To see if 
there is any evidence for systematic effects in difference maps, we computed x 2 from six 
combinations of difference maps involving Ka-, Q-, and V-bands: Ka— Q, Ka— V, Ka— QV, 
Q— V, Q— KaV, and V— KaQ, where QV, KaV and KaQ are the corresponding weighted- 
averages of maps in two different frequency bands. We find that none of these combinations 
show an anomalous x 2 ■ The average and standard deviation of x 2 is 1180 ± 47 for 1170 
degrees of freedom. The largest value of x 2 is 1236 from Ka— QV, and the probability to 
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exceed (PTE) is 8.8%. We then computed the optical depth, r, from Ka— QV, finding 
that it is consistent with zero (the maximum likelihood value lies in r < 0.002, well below 
the 68% CL statistical uncertainty of 5t = 0.014). Therefore, we conclude that the low-/ 
polarization data pass the null test, and any residual systematic error we do not detect in 
difference maps has a negligible impact on our estimation of r. This null test also shows 
that the residual polarized synchrotron emission in Ka, if any, has a negligible impact on r. 

To get an idea of how much additional noise we would need to include in the noise 
covariance matrix of the co- added KaQV map to explain the x 2 i we add an uncorrelated 
noise variance to each r3 pixel (N sic ie = 8), JV^ — > Nij + of 3 (%. We find 0V3 = 0.27 /iK brings 
the reduced y 2 to unity. The instrumental noise per r3 pixel of the co-added KaQV map 
ranges from 0.43 to 1.57 /iK, with the average and standard deviation of 0.86 ± 0.17 fiK. 
Therefore, an additional noise variance, of 3 , required to explain the excess x 2 is an order of 
magnitude smaller than a typical instrumental noise variance per r3 pixel of the co-added 
KaQV map. 

Next, we computed the tensor-to-scalar ratio, r, from the low-/ B-mode polarization 
data only. We found that r was consistent with zero, with the 95% CL upper bound of 
r < 2.0. The maximum likelihood value occurs at r = 0.40, which is already ruled out by 
the limit from the CMB temperature power spectrum, r < 0.17 (95% CL); thus, it cannot 
be due to inflationary B-modes. For r = 0.4, the low-/ B-mode power spectrum amplitude 
is less than the scalar E-mode amplitude by a factor of six, and thus it is a small signal (and 
is consistent with zero). 

We next examined residual foregrounds. By enlarging the edges of the polarization 
P06 mask by 1, 2, and 3 pixels, we found that the PTE increased from 0.1% to 0.9%, 5%, 
and 12%, respectively. While this may suggest the presence of residual foregrounds in the 
polarization data, this may also be partly due to the reduction of degrees of freedom (the 
degrees of freedom decrease from 1170 to 850, 582, and 344, respectively), as fewer degrees 
of freedom are more forgiving for larger values of the reduced x 2 ■ Indeed, changes in the 
values of the reduced x 2 are modest: it drops from 1.13 to 1.12, 1.10, and 1.09, respectively. 

Therefore, we conclude that the excess x 2 likely to be at least partially due to residual 
foregrounds, which we do not include in the noise covariance matrix. These foregrounds may 
not mostly be from the regions near the mask edges. However, the effect on our estimation 
of r is negligible compared with the statistical uncertainty. 
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7.2. Power Spectra Goodness of Fit with Even-Odd multipoles 



The analysis of the even excess effect seen in the seven-year TT power spectrum (IBennett et al 



20 111 ) has been repeated using the nine-year data. The even excess statistic compares the 
mean C\ at even values of / with the mean C% at odd values of I within a defined I domain. 
More formally, we define 



Si 



/r>obs fth\ _ I nobs pth\ 

\ u ; u l /even \yi /odd 



where C\ = 1(1 + l)Ci/2n, the superscript "obs" refers to the observed power spectrum, and 
the superscript "th" refers to a fiducial theoretical power spectrum used for normalization. 
In this paper, as before, we bin Si by Al = 50. 

The seven-year analysis used a set of more than 11000 Monte Carlo CMB simulations 
to probe the significance of the even excess. This large set was computationally inexpensive 
because the TT power spectra we re estimated using the Monte Carlo Apodised Spherical 
Transform EstimatoR (MASTER; iHivon et al.l 120021 ) . However, in the nine- year analysis, 



the TT power spectra are computed using a new estimator weighted using the C~ l matrix, 
and the Monte Carlo realizations are much slower. Consequently, we now use a smaller set 
of 512 simulations of the full nine-year C~ 1 -weighted power spectrum 

Figure [37] shows Si as a function of I within bins of Al = 50. Results from the nine- 
year analva^_areshown in black, and those from the seven-year analysis are shown in blue 



sec 



Bennett et al .1120 111 Figure 9). The overall trend of the results with I is similar in the 



nine-year analysis to what it was in the seven-year analysis, except that the rise in Si over 
the domain 50 < I < 350 is no longer monotonic. Also, in the nine-year analysis, two of 
the three negative values of Si, which denote excess power at odd values of I, have higher 
absolute value than in the seven-year analysis. 



Bennett et al.l (120111 ) examined a combined I bin for 250 < I < 350 as an example of a 
posteriori analysis. The value of Si in this bin was 0.0446, as compared to a Monte Carlo 
scatter of a = 0.0155, for a 2.9<r level of significance. The equivalent values for the nine- year 
analysis using the C _1 power spectrum estimator are Si = 0.0381, with a Monte Carlo scatter 
of a = 0.0144, for a reduction in the level of significance to 2.6a. 



The de-biased Si test described by IBennett et al.l (120111 ) has also been repeated for 
the nine-year analysis. This test chooses the maximum value of the bin-by-bin statistical 
significance Si/o~(S{) from the I bins being considered, rather th an focusing on only one bin, 
so that the a posteriori character of the test is weakened (see IBennett et al.l 1201 ll . Figure 
11). We use bins of width Al = 50 for 50 < I < 600. The nine-year test gives similar results 
to the seven-year test, but at a reduced significance. In the seven-year test, the de-biased E\ 
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Fig. 37. — Top: Even excess E\ in the observed power spectrum, in bins of Al = 50, compared 
to the mean and scatter from 512 Monte Carlo realizations. Bottom: Si as in the top plot, 
converted to significance units by normalizing to the Monte Carlo scatter in each bin. Only 
the I = 250 — 299 and I = 300 — 349 bi ns show a significance greater than la. Black: nine- year 
results; blue: seven-year results from lBennett et al.l (120 111) . 
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test gave a probability to exceed (PTE) of 5.11% for the observed spectrum as compared to 
the Monte Carlo distribution, whereas in the nine-year test, the PTE is 14.3%, equivalent 
to a 1.1a result. Similarly, bins with a high value of the odd excess (Si) were less frequent 
than expected in the seven-year power spectrum, with a PTE of 98.9% in the de-biased test. 
This effect is also weaker in the nine-year power spectrum, which gives a PTE of 90.2%, 
equivalent to a 1.3a result. 

The even-odd effect in the observed power spectrum does not appear to be an artifact of 
the power spectrum estimator, since it is seen both with the MASTER method (seven years) 
and with the C _1 method (nine years). However, in the nine-year analysis, the superficial 
test for 250 < I < 350 yields a result with reduced significance as compared to nine years, 
and the de-biasing strategy further reduces the sig nificance of both the even power excess 



and the odd power deficit to ~ la. The conclusion of lBennett et al.l (120111 ) that the even-odd 
effect is probably a statistical fluke stands, and indeed is strengthened, after the nine-year 
tests. 



7.3. Quadrupole Amplitude 

Since the first- year WMAP data release there has bee n speculation a b out t he low value 



of the I = 2 quadrupole moment. As concluded in the iBennett et al.l (120111 ) seven-year 
results paper, while the quadrupole amplitude is below the mean expected amplitude for 
the model, it is not surprisingly or disturbingly low. Figure [38] illustrates the likelihood of 
the true value of 1(1 + l)Cf T / '(2ti) = QC^ 7 '/(2ir) for / = 2, based on our measured sky. A 
Blackwell-Rao estimator run on Gibbs samples and marginalized over all other values of Cf T 
results in the maximum likelihood quadrupole amplitude shown by the pink line. The la 
and la regions are shown as blue and green horizontal bands. The best fit ACDM theory 
spectrum computed on WMAP nine-year data only is shown in red. We conclude from 
this that the theoretically expected quadrupole amplitude (based on a ACDM fit to the full 
angular power spectrum is well between la and 2a, hardly an unlikely event. 

Looked at the other way, we can ask the relative probability of observing the particular 
quadrupole value given the mean expected value based again on a ACDM fit to the full 
angular power spectrum. This is shown in Figure [391 Again, one can see that the distribution 
is far from Gaussian and that the peak of the likelihood function is well displaced from its 
mean, such that the single most likely value for the expected quadrupole is close to half of 
the mean value. The observed quadrupole value is a relative probability of 40%, more than 
la but less than 2a away from expectations. The quadrupole value thus cannot be said to 
be anomalously low; it is well within the expected statistical variance. 
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Fig. 38.— The likelihood of the true value of 1(1 + 1)C[ t /(2tt) = 6CJ t /(2tt) for / = 2, 
based on our measured sky. This is computed using the Blackwell-Rao estimator run on 
Gibbs samples, and it marginalizes over all other values of Cf T . The maximum likelihood 
point is shown as the pink line; one and two sigma regions are shown as blue and green lines. 
The best fit ACDM theory spectrum computed on WMAP nine-year data only is shown in 
red. 
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Fig. 39. — The cosmic variance probability distribution for the quadrupole, given the theory 
power spectrum. This assumes we know 1(1 + l)Cf T /(2n) = 6Cf 1T /(27r) = 1109 /iK 2 (red 
line) and plots the distribution of quadrupole power values we could measure for random 
Hubble volumes. Note that QCTp- j {2tt) is the mean of the distribution; due to the skewness 
of the x 2 distribution, the peak of the distribution is substantially lower. One and two-sigma 
regions are shown. The quadrupole cosmic variance distribution has v = 21 + 1 = 5 degrees 
of freedom. Assuming / sky m 0.99, we plot a \ 2 distribution based on v = {21 + l)/ s 2 ky ~ 4.9 
degrees of freedom. The peak of the distribution is then lower than the mean by a factor of 
[y — 2)/v, putting it at 656 /iK 2 . 
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7.4. Alignment of the Quadrupole and Octupole 

We use the error description of the CMB-foreground covariance, discussed in Sec- 
tion I5.3.7.2[ to estimate the uncertainty in the alignment of the quadrupole and octupole. 

The CMB-foreground covariance in the ILC is described in terms of 48 error modes 
(computed at r6), which provide the eigenvectors with nonzero eigenvalues of the 49152 x 
49152 pixel space covariance matrix. We first change bases from pixel space into the 12- 
dimensional space spanned by the quadrupole and octupole modes (5 for the quadrupole, 7 
for the octupole). This results in a 12 x 12 covariance matrix for the error in the quadrupole 
and octupole ai m coefficients. For convenience, we use real-valued harmonics and so we have 
a real-valued covariance matrix. Then, we generate many Gaussian random realizations of 
perturbations to the quadrupole and octupole based on this covariance matrix. We add these 
to the quadrupole and octupole from t he nine- year ILC, an d check the alignment for each, 



using the same method as described in lBennett et al.l (120 111 ). 



We first find that the quadrupole and octupole in the nine-year ILC are misaligned by 
about 3°, instead of being exactly aligned (to < 0.5°) in the seven-year ILC. We believe this 
is due in part to the deconvolution algorithm that we applied to the nine-year maps before 
constructing the ILC from them. After applying the perturbations, we find the median 
quadrupole-octupole misalignment to be 6°, which is only improbable at the 0.55% level. 
This means there is less than a 3a detection of alignment. Occasional perturbations to 
the ILC realign the quadrupole and octupole perfectly, and about 5% of the perturbations 
misalign them by more than 20°. Note also that this encompasses only one of the types 
of error in the ILC. Including an estimate of the ILC bias error will further increase the 
uncertainty in quadrupole-octupole alignment. 

We conclude that our ability to remove foregrounds is the limiting factor in our mea- 
surement of the cosmo logical quadrupole-octupole alignment. We cannot currently remove 
foregrounds to the level needed to be sure the alignment is significant. The statistical signifi- 
cance of any alignment must be further degraded by the posterior selection made to examine 
this particular alignment. 
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8. Cosmological Results and Implications 

We have seen that the WMAP power spectrum is well fit by only six parameters. The 
quadrupole amplitude is not anomalously low, and the uncertainties of the quadrupole- 
octupole alignment cannot be considered anomalous as the angular uncertainty of the align- 
ment is sufficiently large. 

The bipolar power spectrum of the final nine-year maps shows a large signal similar 
to the one we reported in the seven-year results. This signal is characterized by a latitude- 
dependent power spectrum. The bipolar power spectrum of the new beam- deconvolved maps 
shows that this signal has largely gone away, but there is now appears a high-1 signal with 
the opposite sign. This high-1 effect is expected since beam deconvolution process correlates 
pixels in a way that we do not account for. By modifying the bipolar power spectrum es- 
timator so that it only uses cross-correlations between DA pairs (as we do with the power 
spectrum estimator to avoid a rectified noise bias) the high-1 signal is mostly removed. To 
fully remove an estimate of all of these effects would require a detailed simulation that in- 
cludes the anisotropic beams and a deconvolved map making process. We have not done 
this since we are satisfied that we have established the original effect was due to not ac- 
counting for the asymmetric beam patterns. Second-order effects could be pursued if there 
is sufficient motivation to do so. In summary, an analysis of the new beam symmetrized 
maps demonstrates the previously reported latitude-dependent power spectrum effect was 
real, but caused by the elliptical beams and that this did not contribute to errors in the 
overall power spectrum. 

The power spectrum contains all of the cosmological information in the map if, and 
only if, the statistical anisotropy is Gaussian with random phases across the non-masked 
portion of the map. In this section we show that this is indeed the case within the estimated 
measuremen t and analysis uncert ainties. We then summarize the cosmological parameter 



discussion of iHinshaw et al.l (120121 ) with cosmological parameters derived using only WMAP 



data and derived when combined using external data as well. 



8.1. Non-Gaussianity 



The simplest model of inflation, namely single-field slow-roll inflation with canonical 
kinetic term and a nearly flat potential V(4>), pr edicts that the initial adiabatic curvatur e 
£(k) has only tiny deviations from Gaussianity (jAcquaviva et al.l 120031 ; iMaldacenal 120031 ). 
However, alternate models of the early universe predict several possible types of deviations 
from Gaussian statistics, making the search for non-Gaussianity in the CMB a powerful, 
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multifaceted probe of the early universe. 



.1.1. 



xloc xeq 
JNL> J NL> 



and f° N t 



We will limit our search for non-Gaussianity to the 3-point function or bispectrum, and 
parameterize it by: 

(C kl Ck 2 Ck 3 > = {f l N L BUk u k 2 , k 3 ) + f c N q Mh, k 2 , k 3 ) + ff^B^ku k 2 , k 3 )) (2tt) 3 5 3 (J2 k, 

(50) 

where f^ L , f^f 1 are free parameters to be estimated, and the local, equilateral, and 
orthogonal template bispectra are defined by: 



#loc(fcl, fc 2, fa) 

B CCL (k ll k 2 ,h) 
B or th(ki, fa, fa) 



- (P c (fci)P c (fc 2 ) + 2 perm.) 
~ (GPdkjP^hf/'P^h) 1 / 3 - 3P c (fa)P c (fa) 
^{faf^P^faf^P^faf 3 + 5 perm. 



18P c (A; 1 )Pc(A; 2 ) 2/3 P ? (A;3) 1/3 - dP^P^fa) 
-d,P c {k x ) 2 ^PAfa) 2 ^P^fa) 2 ' z + 5 perm. 



(51) 



(52) 



(53) 



The ffi L , /ml} basis for the three-point function is large enough to encompass a range 

of interesting models. Local-ty pe non-Gaussianity is somewhat generic to m ulti-field models, 
for example curvaton models (ILinde fc Mukhanovl Il997r iLyth et al.l 12003), variable reheat- 



ing models (IDvali et al. 



2007: Buchbinder et al. 



2004t IZaldarriagal 120041 ) . or "new" ekpyros is (ICremineUi fc Senatore 



20071 ). Conversely, there is a theorem ( ICremineUi fc Zaldarriaga 
20041 ) that implies that no single-field model of inflation can generate detectable Equilateral- 



type and orthogonal-type non-Gaussianity can be generated in single-field models, and gener- 
ically appear when there are non-negligible interaction terms in the inflationary Lagrangian. 

We constrain the /tvl parameters using the op t imal (i.e. minimum variance unbiased) 
bispectrum estimator implemented in [Smith et al.l (20091). which builds on previous work 



( iKomatsu et al.l l2005t ICremineUi et al. 



2006 



Smith fc Zaldarriagal l201ll ). The estimator 



optimally combines channels with different noise maps and beams by filtering the data with 
the inverse signal +noise covariance C~ x = (S + iV) _1 , and includes a one-point term (in 
addition to a three-point term) which reduces the variance. Unless otherwise specified, we 
use the V-band and W-band differencing assemblies from WMAP (six maps total), remove 
regions of high Galactic foreground and point source emission using the nine-year KQ75 
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mask, and marginalize three foreground templates corresponding to synchrotron, free-free, 
and dust emission. With foreground marginalization enabled, the same f^L estimates are 
obtained on raw and template-cleaned maps. 

Our "bottom line" constraints on non-Gaussianity are as follows: 

f%Z = 37.2 ± 19.9 (-3 < ffi L < 77 at 95% CL) 

f* L = 51 ± 136 (-221 < f* L < 323 at 95% CL) 

/^f = -245 ± 100 (-445 < < -45 at 95% CL) (54) 

The fftl constraint includes a correction for the ISW-lensing contribution to the bispectrum, 
which arises from the large-scale correlation between the CMB temperature and the CMB 
lensing potential. We find that the ISW-lensing bispectrum biases the estimator by 
Affii = 2.6; this bias has been subtracted from the estimate in Equation (1541) . The ISW- 
lensing bias was computed using the Fisher matrix a pproximation, but this has been show n 
to be an excellent approximation to the exact result (IHanson et al.ll2009l ; iLewis et al.l 120111 ). 



The constraint on each f NL parameter in Equation (1541) assumes that the other two f^L 
parameters are zero. For a joint analysis of all three parameters, we need the bispectrum 
Fisher matrix: 

/ 25.25 1.06 -2.39 \ 
F = 1.06 0.54 0.20 x 10" 4 (55) 
\ -2.39 0.20 1.00 / 

where the ordering of the rows and columns is f^l, /^x, /atl ■ The statistical error on 
each f NL parameter in Equation (1541) . with the other two f NL parameters fixed to zero, is 
(Fjj) -1 / 2 , and the correlation between two estimators in Equation (1531) is equal to the rescaled 
off-diagonal matrix element Fij/(FuFjj) 1 ^ 2 ^ An example of a two-parameter joint analysis 
is shown in Figure 1421 below. 



8 This estimator covariancc is appropriate for our convention that each /jvl estimator is defined to be the 
optimal estimator assuming that the other two Jnl parameters are zero. There is an alternate definition 
in which each Jnl estimator is defined with the other two Jnl parameters marginalized; in this case the 
estimator covariance matrix would be the inverse Fisher matrix (F~ 1 )ij. The two definitions are linear 
combinations of each other, and therefore give identical results in a joint analysis, provided that the off- 
diagonal correlations are properly incorporated. 
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8.1.2. f™L Diagnostic Tests and Interpretation 

The most striking result in Equation (|54p is the estimate for /™| h , which is non-zero at 
2.45a. The (two-sided) probability of obtaining a value with this statistical significance in a 
Gaussian fiducial cosmology is 1.4%. This is not significant enough by itself to consider it a 
detection, but even further caution is required. When interpreting this probability, it must 
be kept in mind that we look for multiple deviations from the vanilla ACDM mode^, so it 
is statistically unsurprising that one such deviation is at this significance level. The rest of 
this section will be devoted to consistency checks and interpretation of the /j^L result. 

One possible source of systematic error is contamination by residual foregrounds. Since 
we marginalize over synchrotron, free-free and dust templates in our bispectrum estimator, 
any foreground contribution that is a linear combination of these spatial templates does 
not contribute to f^L- However, since the templates are not perfect, there will be residual 
contributions at some level. A simple procedure that gives the rough order of magnitude is to 
disable template marginalization in the estimator, and compute the foreground contribution 
to i n an ensemble of simulated raw maps without any foreground cleaning. We simulate 
raw maps using random CMB an d noise realizations, and a fixed dust realization given by 



model 8 of lFinkbeiner et al.l (119991 ) . We do not include synchrotron and free-free foregrounds 
since dust dominates in W-band and is a significant fraction of the V-band foreground. In 
each simulation, we compute the difference (A/™£ h ) between the estimate obtained 
from the raw map, and the /jvx estimate that would be obtained from the CMB+noise 
contribution alone. We find that the mean value of (A/^ h ) is 1.1 and the RMS scatter is 
5.2. This presumably overestimates the dust contribution since we are not attempting to 
remove foregrounds at all. Since the shift (A/jy£ h ) seen in these simple simulations is much 
smaller than the statistical error cr(/^ h ), we conclude that residual foregrounds are unlikely 
to be a significant contaminant. 

As a first test for instrumental systematic effects, we check for consistency between 
different angular scales by splitting the f™f^ estimator in /-bands. Our procedure is as 
follows: we write the f^f 1 estimator as a sum over triangles, restrict the sum to triangles 
whose maximum multipole max(7i, l 2 , h) is in a given bin (Z m i n , Z m ax), and then appropriately 
normalize so that the band-restricted sum is an unbiased estimator of /^x h . This prescription 
for binning the f^f 1 estimator has the property that if we combine f^f 1 estimates in all bins 
up to some multipole Z maX ; the result agrees with simply rerunning the estimator with 



9 A partial list includes the three Jnl parameters, the spatial curvature Qk, tensor-to-scalar ratio r, 
running of the spectral index (dn s / dlog k), dark energy equation of state w, isocurvature amplitudes aio, ot—i, 
and neutrino mass m v . 
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Fig. 40. — A test for scale-dependent systematics: estimates in /-bands, with cumulative 
best-fit value f^f 1 = —245 shown by the dotted horizontal line. Each error bar is labeled 
with the statistical significance of the deviation from the cumulative best-fit value (not the 
deviation from zero). No evidence for scale-dependent systematics is seen. 
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maximum multipole / max . It also has the property that estimates in different /-bands 
are nearly uncorrelated. 

In Figure SOI we show the f^f^ estimate in /-bands, with the cumulative best-fit value 
Inl 1 = — 245 shown for comparison. Each bin is consistent with the cumulative best-fit value 
at 2cr, and the overall x 2 °f the fit to a constant /jv£ h value is good (x 2 = 8.8 with seven 
degrees of freedom). We therefore conclude that there is no evidence for scale-dependent 
systematic contamination. 

As a second test for systematics, we can ask whether estimates of f^f^ in different parts 
of the sky are consistent. The bispectrum estimator is naturally written as an integral over 
position on the sky, so a convenient way to visualize the position dependence is to simply 
plot the integrand as a skymap (Figure l4"Tj) . This skymap is in units of "/)^ h P er steradian" 
and has the property that its integral over the whole sky is precisely equal to the estimated 
Inl? = — 245. If we restrict the integral to a subregion Q of the sky, the value of the integral 
will roughly equal the value that would be obtained if we re-ran the estimator using masking 
to isolate the subregion Q (appropriately rescaled by the area of Q). Visual inspection of the 
skymap is a convenient way to look for an unexpected feature (e.g., a large contribution near 
the Galactic plane would suggest foreground contamination), although it might be difficult 
to assess the statistical significance of an a posteriori feature if found. Our interpretation 
of Figure UH is that no visually striking features are seen; the skymap looks qualitatively 
similar to skymaps obtained from Gaussian simulations. 

As a more quantitative test for consistency between different parts of the sky, we es- 
timated f^L 1 in the portions of the following regions that lie outside the KQ75 mask: the 
northern Galactic hemisphere, the southern Galactic hemisphere, within 30° of the ecliptic 
plane, and the ecliptic poles (> 30° from the ecliptic plane). We find that for any pair 
of these regions, the estimated fjffi values are consistent at 2cr, relative to an ensemble 
of Monte Carlo simulations. The estimates in these four subregions are —139 ±139, 
-361 ± 142, -132 ± 144, and -336 ± 138, respectively. 

As a final test for systematics, we can compare f^f 1 estimates from different channels, 
or combinations of channels. In the first two columns of Table [TBI we show the result of 
applying the f^f? estimator for several combinations of channels. To assess whether the 
f^L 1 estimates from a given pair of rows are statistically consistent, we subtract the two 
estimates, and compare the result to the same quantity (the difference of two estimates) 
evaluated in an ensemble of Monte Carlo simulations. This way of assessing consistency fairly 
incorporates the correlation between f^f 1 estimates that arises because the CMB realization 
(and the noise realizations, if the two rows have channels in common) is shared. The matrix 
in the rightmost columns of Table [16] shows the result of doing this consistency test for all 
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41. — A visual test for sky location dependent systematics: skymap showing the contri- 
lon of different parts of the sky to the f^f^ estimator, in units of "/^ h per steradian" . 
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pairs of rows in the table. 

This "two-way" null test can be generalized to an iV-way null test that tests mutual 
consistency between f^f 1 estimates obtained in all N rows of the table. We represent the 
Jnl 1 estimates as a length- iV vector fa, and compute the N-by-N covariance matrix 
using Monte Carlo simulations with shared CMB and noise realizations. We then compute 
an overall best-fit /™^ h value F which minimizes x 2 = 

(fi-F) C~\fj — F). If the N estimates 
are mutually consistent, then the value of \ 2 at the minimum will be distributed as a x 2 
random variable with (TV — 1) degrees of freedom. 

We find that the channel-channel null tests are marginal. The iV-way null test gives 
X 2 = 16.3 with 8 degrees of freedom, corresponding to one-sided probability p = 0.038. The 
most discrepant pair of rows in Table [TBI is (W,W4), which differ by 3.2cx relative to Monte 
Carlo simulations. This statistical significance should not be taken at face value since there 
are 36 matrix entries in Table [161 an d we have chosen the most anomalous one. However, if 
we construct the same matrix for each member of an ensemble of simulations, we find that 
the probability that at least one pair of rows is discrepant by > 3.2er is 2.6%. Finally, we 
observe that the discrepancy between V-band and W-band channels, which is in some sense 
the most natural split, is 2.3a, corresponding to probability p = 0.021. 

We conclude that there is some tension in the channel-channel null tests, with p-value 
around a few percent depending on which test is chosen. Since we have also considered 
null tests that pass cleanly (i.e. the tests based on scale dependence and sky location), 
our interpretation is that one failure at the few-percent level does not indicate systematic 
contamination, although the discrepancy between V-band and W-band is a slight concern. 
We therefore cautiously proceed to discuss the physical implications of the non-Gaussianity 
constraints. 

We opt t o work in the c ontext of single-field inflation, and use the effective field theory 



developed in ICheung et al.l (j2008al Jbl). The EFT provides a master Lagrangian which is 
general enough to describe almost all single-field models of inflation. The action consists of 
a standard kinetic term, plus small interaction terms whose coefficients parameterize allowed 
non- G aussianity : 

S = d 4 x \f^{ 



ct \ gt 1 ci \ cr c 



(56) 

Non-Gaussianity is parameterized by a dimensionless sound speed c s , and a dimensionless pa- 
rameter A that represents the ratio between the coefficients the operators of 7r 3 and 7r(dj7r) 2 . 
We treat c s and A as free parameters, but specific models will make predictions. For ex- 
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ample, in DBI inflation (lAlishahiha et all 12004 ) . c s is a free parameter (but related to the 



tensor-to-scalar ratio) and A = — 1. 

The coefficients in the action (|56p can be related to the parameters f^ L , f^^ 1 by calcu- 
lating the bispectra generated by the cubic operators 7r 3 and 7r(<9j7r) 2 , and projecting them 



onto the basis of template bispectra (ISenatore et al.ll2010l ). The result is: 



Q L = L_^I(_o.276 + 0.0785A) 
1 - r 2 

/«f = — -^(0.0157 - 0.0163A) (57) 

where the numerical coefficients are specific to the nine-year WMAP results and have been 
computed using the exact Fisher matrix, including CMB transfer functions and WMAP noise 
properties. For generic values of A, f^ L is larger than f™f^ (by an order of magnitude) and 
equilateral non-Gaussianity is generated. However, there is an order-unity window of values 
(roughly 3.1 < A < 4.2) where f^L 1 is larger than f^ L , and orthogonal non-Gaussianity is 
generated. 

Since single-field models that produce f^f^ are also expected to produce f e ^ L at some 
level, it is natural to analyze joint constraints in the two-parameter space {/^l, Inl}- To set 
up a joint analysis, we define notation as follows. Let /j = (f^ L , f^L 1 ) be a two-component 
vector containing model parameters, let fi = (51, —245) be the values of the associated 
estimators (i.e. the last two rows of Equation f l54"|) ). and let i^j be the associated 2x2 Fisher 
matrix (i.e. the lower right corner of Equation ( 1551) . Then for given model parameters fi, we 
define a x 2 statistic, 

V E ~ 2 E Fufifi + E fiFuK^Fjr (58) 

ij i ij 

We threshold this x 2 to obtain confidence regions in the (f^ L , Jnl 1 ) plane. These confidence 
regions are shown in the left panel of Figure 1421 We note that the point (/^, Jnl 1 ) = is 
just outside the 2a contour, which means that it is just barely a > 2a event when f^ L is 
included in the parameter space. More precisely, the relevant A% 2 is 7.16 with two degrees 
of freedom; the probability of getting a A% 2 this large in a Gaussian cosmology is 2.8%. 

In the right panel of Figure H2J we change variables to show confidence regions in the 
parameter space (c s , A). These confidence regions were obtained under the assumption that 
the single-field bispectra are well-approximated by the equilateral and orthogonal template 
shapes. However, we have checked that nearly identical confidence regions are obtained if the 
exact tree-level bispectra for the operators tt 3 and 7r(<9j7r) 2 are used throughout the analysis. 
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Fig. 42. — WMAP nine-year constraints on non-Gaussianity in single-field inflation. Upper 
panel. 68%, 95%, and 99.7% confidence regions in the f^ L , fffl^ plane, defined by threshold 
X 2 values 2.28, 5.99, 11.62, as appropriate for a \ 2 random variable with two degrees of 
freedom. Lower panel. Confidence regions on the dimensionless sound speed c s and interac- 
tion coefficient A (defined in Equation (|56|) ). obtained from the top panel via the change of 
variables in Equation ([5T 
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channels 


forth 
JNL 






Discrepancy in 


"sigmas" 










VW 


V 


W 


VI 


V2 


Wl 


W2 


W3 


W4 


All VW channels 


-245.5 ±99.6 




2.2a 


1.5a 


1.5a 


2.1a 


0.7a 


1.4a 


1.1a 


2.2a 


All V-band channels 


-125.9 ± 112.7 


2.2a 




2.3a 


0.1a 


0.7a 


0.4a 


0.3a 


0.1a 


1.1a 


All W-band channels 


-320.2 ± 112.1 


1.5a 


2.3a 




2.1a 


2.5a 


1.7a 


2.2a 


2.0a 


3.2a 


VI only 


-119.3 ± 129.1 


1.5a 


0.1a 


2.1a 




0.3a 


0.5a 


0.3a 


0.1a 


1.0a 


V2 only 


-91.3 ± 124.2 


2.1a 


0.7a 


2.5a 


0.3a 




0.8a 


0.0a 


0.2a 


0.8a 


Wl only 


-172.1 ± 140.1 


0.7a 


0.4a 


1.7a 


0.5a 


0.8a 




0.7a 


0.5a 


1.4a 


W2 only 


-88.1 ± 152.2 


1.4a 


0.3a 


2.2a 


0.3a 


0.0a 


0.7a 




0.2a 


0.7a 


W3 only 


-111.0 ± 154.2 


1.1a 


0.1a 


2.0a 


0.1a 


0.2a 


0.5a 


0.2a 




0.9a 


W4 only 


-5.7 ± 147.7 


2.2a 


1.1a 


3.2a 


1.0a 


0.8a 


1.4a 


0.7a 


0.9a 





Table 16: A test for consistency between channels. The first two columns show f^f 1 estimates 
obtained from different subsets of WMAP channels. The matrix on the right shows the level 
of discrepancy between each pair of channel subsets, in "sigmas" after comparing to an 
ensemble of Monte Carlo simulations. 
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8.2. Cosmological parameters 



Hinshaw et al.l ( 120121 ) examine various versions of cosmological models fit to select com- 
binations of cosmological data. These combinations are all rooted in WMAP data, which 
strongly limits possible cosmological models. There is, however, a narrow ridge of geometric 
degeneracy that applies to CMB measurements. This is seen in Figure 18.21 Assuming a flat 
geometry breaks the degeneracy and forces a precise value for the Hubble constant. Alterna- 
tively, non-CMB cosmological measurements generally also break the CMB degeneracy and 
also result in a precise value for the Hubble constant. The fact that these Hubble constant 
values are consistent within their uncertainties is equivalent to concluding that the universe 
is flat within the measurement errors. 

Table 18.21 gives the cosmological values for a six parameter flat ACDM model and a 
list of derived parameters that follow from it. Also tabulated are results from an additional 
seventh parameter added to the model. For example, if the number of relativistic degrees of 
freedom is allowed to vary beyond the standard three neutrinos, if tensor modes are allowed, 
or if the universe is allowed to deviate from a flat geometry. In addition, we summarize 
select constraints on non-ACDM models, such as deviating from a cosmological constant by 
allowing for a dark energy equation of state parameter w ^ 1. 

In the last column of Table 18.21 we provide values for the same parameters described 
above but now arrived at by combining WMAP data with data from finer scale CMB mea- 
surements from ACT and SPT (extended CMB, or "eCMB"), baryon acoustic oscillation 
(BAO) data, and data from the direct measurements of the Hubble constant (Hq). If we 
assume that all of these data sets are well- described by their published uncertainties, then 
these parameters provide a precise and accurate description of our universe. 

The six parameter cosmological volume determined by WMAP data alone is a factor 
of 68,000 times smaller than the CMB const r aints before WMAP as assessed by the "Last 



Stand Before WMAP" paper of I Wang et al.l (120031 ). (Since the optical depth to scattering 



was not constrained at all in that assessment, we assigned to it a constraint of r < 0.3 
in carrying out the calculation.) Adding a seventh parameter suggests a reduction of the 
cosmological volume by even more, a factor of 117,000. 

Of course, when WMAP data are combined with a rich array of other significant cos- 
mological data the stress-test for ACDM has been extraordinary. It is notable that only 
six parameters are required to achieve a sufficient fit to all cosmological data and that the 
underlying ACDM has not broken. Quite the contrary, a set of precise and accurate param- 
eters now form a standard model of cosmology within the framework of the big bang theory 
(an expanding and cooling universe) and inflation (an underlying tilted power spectrum of 
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Fig. 43. — The constraints on deviations from flatness, where flat universes fall on the 
Q m + Q\ = 1 line, using only CMB data, and using CMB + BAO + H data. 



- 128 - 



primordial Gaussian-random adiabatic fluctuations). 
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Table 17. Cosmological Parameter Summary 



Parameter 



Symbol 



WMAP* 



WMAP+cCMB+BAO+H a 



6-parameter ACDM fit parameters' 1 



n b h 2 
n c h 2 
n A 



Physical baryon density 
Physical cold dark matter density 
Dark energy density (w = — 1) 
Curvature perturbations (k = 0.002 Mpc" 1 ) 01 10 9 A^ 

Scalar spectral index n B 

Reionization optical depth r 

Amplitude of SZ power spectrum template Asz 
6-parameter ACDM fit: derived parameters 

Age of the universe (Gyr) to 

Hubble parameter, Ho = lOO/i km/s/Mpc Ho 

Density fluctuations © 8/i~ J Mpc erg 

Velocity fluctuations @ 8h _1 Mpc "^m 5 

Velocity fluctuations @ 8/i -1 Mpc crgO^ 6 



0.02264 ± 0.00050 
0.1138 ±0.0045 
0.721 ±0.025 

2.41 ±0.10 
0.972 ±0.013 
0.089 ±0.014 
< 2.0 (95% CL) 

13.74 ±0.11 

70.0 ±2.2 
0.821 ±0.023 
0.434 ± 0.029 
0.382 ± 0.029 



0.02223 ± 0.00033 
0.1153 ±0.0019 

n 71QK+0.0095 
U. (1JO_ 009 g 

2.464 ± 0.072 
0.9608 ± 0.0080 

0.081 ±0.012 
< 1.0 (95% CL) 

13.772 ± 0.059 
69.32 ±0.80 
0.820t»;°« 
0.439 ±0.012 
0.387 ±0.012 



Baryon density/critical density 

Cold dark matter density /critical density 



Matter density/critical density (Q c 
Physical matter density 
Current baryon density (cm -3 )' 
Current photon density (cm - 3 ) s 
Baryon/photon ratio 



■Q b ) 



0.0463 ± 0.0024 
0.233 ±0.023 
0.279 ±0.025 
0.1364 ±0.0044 
(2.542 ± 0.056) x 10~ 7 

410.72 ±0.26 
(6.19 ±0.14) x lO" 10 



0.04628 ± 0.00093 
2402+ ' 0088 
U.2»bb_ 0095 
0.1376 ±0.0020 
(2.497 ± 0.037) x 10~ 7 

410.72 ±0.26 
(6.079 ± 0.090) x 10- 10 



Redshift of matter-radiation equality z oq 

Angular diameter distance to z oq (Mpc) d^(2 Gq ) 

Horizon scale at z cq (h/Mpc) fc cq 

Angular horizon scale at z eq 'cq 

Epoch of photon decoupling z„ 

Age at photon decoupling (yr) i* 

Angular diameter distance to z» (Mpc) h cLa{z*) 

Epoch of baryon decoupling z^ 

Co-moving sound horizon, photons (Mpc) r s (z*) 

Co-moving sound horizon, baryons (Mpc) Ts{^d) 

Acoustic scale, 6, = r s (z»)/d,A(z*) (degrees) 8* 

Acoustic scale, l„ = ir/6 r . l„ 

Shift parameter R 

Conformal time to recombination T roc 



3265 1 



H06 
-105 
14194 ± 117 



0.00996 ± 0.00032 

139.7 ±3.5 

1090.97lo'|g 
376371 tj^ 
14029 ± 119 
1020.7 ±1.1 

145.8 ± 1.2 
152.3 ± 1.3 

0.5953 ± 0.0013 
302.35 ±0.65 
1.728 ±0.016 

283.9 ±2.4 



3293 ± 47 
14173±g5 
0.01004 ± 0.00014 
140.7 ±1.4 

1091.64 ± 0.47 
374935lJ^i 

14007tgg 
1019.92 ± 0.80 
145.65 ±0.58 
152.28 ±0.69 
0.59578 ± 0.00076 
302.13t°J9 
1.7329 ± 0.0058 
283.2 ± 1.0 



Redshift of reionization z rc i on 
Time of reionization (Myr) ircion 
7-parameter ACDM fit parameters 1 

Relativistic degrees of freedom^ N c ff 
Running scalar spectral index k dn a /d In k 

Tensor to scalar ratio (fco = 0.002 Mpc -1 ) 1 r 



10.6 ± 1.1 

453 4 



> 1.7 (95% CL) 
-0.019 ±0.025 
< 0.38 (95% CL) 



10.1 ± 1.0 

482 4 



Hid 
-1)7 



3.84 ± 0.40 
-0.023 ±0.011 
< 0.13 (95% CL) 
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Table 17 


—Continued 




Parameter 


Symbol 


WMAP* 


WMAP+eCMB+BAO+-Ho a b 


Tensor spectral index 1 nt 
Curvature (1 — r2tot) m fife 
Fractional Helium abundance, by mass Yjje 
Massive neutrino density" fl^h 2 
Neutrino mass limit (eV) n Y2 m v 
Limits on parameters beyond ACDM 

Dark energy (const.) equation of state w — 
Uncorrclated isocurvature modes oq 
Anticorrelated isocurvature modes ot—i 


> -0.048 (95% CL) 

-0 037+ ' 044 
u.uo(__ 042 

< 0.42 (95% CL) 

< 0.014 (95% CL) 

< 1.3 (95% CL) 

1.71 < w < -0.34 (95% CL) 

< 0.15 (95% CL) 

< 0.012 (95% CL) 


> -0.016 (95% CL) 
-0 0027+ 0039 

UiUUZ ' -0.0038 

0.299 ±0.027 
< 0.0047 (95% CL) 

< 0.44 (95% CL) 

1 n7-?+ 090 
i.uio_ ogg 

< 0.047 (95% CL) 

< 0.0039 (95% CL) 



a Unless otherwise stated, the values given are the mean of the parameter in the Markov chain, and the l-cr region 
determined by removing the lowest and the highest 15.87% probability tails of the Markov chain to leave the central 68% 
region. 

b The WMAP+eCMB+BAO+iio data set jffinshaw et al.ll2012h includes the following. Th e Hp data consist s of a 
Gaussian prior on the present-day value of the Hubble constant, Hp = 73.8 ± 2.4 km s _1 Mpc - ^Riess et al.ll2011j ). The 
BAO priors... 

c Thc 6 parameters in this section are the parameters varied in the chain. A seventh parameter, Agz, is also varied 
but is constrained to be between and 2. The WMAP data do not strongly constrain Agz> which is why the 95% CL 
interval simply returns the prior. The eCMB data set does constrain the SZ effect, and prefers lower amplitudes of the 
SZ template. We call this a 6-parameter fit because only 6 parameters are needed to fit the data well; the Aqz parameter 
is used only to marginalize over the SZ effect and therefore include it in the error bars. All parameters varied in the 
Markov chains have fiat priors, and in this chain only the Agz parameter requires hard constraints limiting how much it 
can fluctuate. 

d A; = 0.002 Mpc" 1 < — ► l eS « 30. 

c Thcse additional parameters are determined by the parameters being varied in the Markov chain. Because these are 
not the parameters directly being sampled, we are not necessarily assuming fiat priors on these parameters. 

f Baryon density is given in units of proton masses per cubic centimeter. 

sTcmb = 2.72548 ± 0.00057 K, from lFixsenl J2009h . This parameter n 7 is not varied in the Markov chains; the error 
bar is determined directly from the error in CMB temperature. 

h Comoving angular diameter distance. 

'The parameters reported in this section place limits on deviations from the simple 6-paramctcr ACDM model. A com- 
plete listing of all parameter values and uncertainties for each of the extended models studied is available on LAMBDA. 

J AUows N e g number of relativistic species, with the prior < N e g < 10. 

k Allows running in scalar spectral index but no tensor modes. 

'Allows tensor modes but no running in scalar spectral index. We constrain the tensor to scalar ratio at k = 
0.002 Mpc -1 to be r > 0, and the tensor spectral index is related to the tensor to scalar ratio by nt = — r/8. 

m Allows non-zero curvature, Q^. ^ 0. 

"Allows a massive neutrino component, Q„ > 0. 

°Allows w 7^ —1, but constrains it to be —2.5 < w < and assumes w is constant with redshift and Qj. = 0. 
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9. Conclusion 

1) We have updated the raw data archive to include the full nine years of WMAP data. 
We have updated the pointing, calibration, and transmission imbalance factor solutions. 

2) We have updated our beam maps and window functions based on the full nine years 
of WMAP data. We have made full sky maps of the five-band data in temperature and 
polarization, and we characterize the noise. 

3) In addition to the standard map-making, we have implemented a new beam-symmetrized 
set of maps designed to reduce the effects of the asymmetric beams. These maps reduce the 
latitude dependence of the power spectrum and thus we confirm that the power asymmetry 
was largely due to the asymmetric beams, as expected. This has no effect on the overall 
power spectrum and cosmological parameters, but is important to the notion of statistical 
isotropy, which is now more rigorously supported. The beam-symmetrized maps are not 
used for most cosmological analyses due to the complexity of the resulting noise, but they 
are used in foreground analysis. 

4) We solve for new calibrations of Jupiter and Saturn, and we improve our model 
that separates the Saturn spheroid and ring components. The final two years of WMAP 
observations include Saturn data with the rings nearly edge-on. 

5) We provide new point source catalogs, using previous methods. One is based on 
filtering all five WMAP bands, and the other is based on removing the CMB from the Q-, 
V-, and W-band maps and then searching for peaks. 

6) a) Our analysis of the diffuse foregrounds generally uses the five bands of WMAP 
data in conjunction with other data sets. WMAP was designed to observe in the spectral 
region where the ratio of the CMB to foreground anisotropy is at its maximum while not 
allowing strong spectral lines to fall within any WMAP bandpass. It is clear that the choice of 
WMAP frequencies succeeded in reaching these goals. The five widely spaced WMAP bands 
and especially the low-frequency K-band radiometer have been invaluable in characterizing 
foregrounds. 

b) For most cosmological analyses we apply a Galactic cut and make a small correction 
for remaining emission using templates, but the ILC method is helpful and effective in 
separating the full sky CMB from foregrounds. This separation can be done more accurately 
than the separation of foreground emission components, for which there are degeneracies. 
We present a new ILC map. For the first time we now also provide an error estimate for this 
map that includes bias and foreground-CMB covariance. 

c) To elucidate the characteristics and nature of the diffuse foreground components, we 
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implement the Maximum Entropy Method (MEM), Markov Chain Monte Carlo (MCMC) 
fits, and x 2 fits. These are implemented with differing assumptions and priors. Each of these 
methods has strengths and weaknesses, but the combination provides insight. Methods with 
less reliance on external templates make for noisier fits with greater degeneracy between 
emission components. Methods with greater reliance on external templates help to reduce 
noise and break degeneracies, but introduce errors, because the templates are not of the 
same quality as the WMAP data. 

d) We decompose the foreground emission into synchrotron, free-free, spinning dust, 
and thermal dust components. The peak of the spinning dust spectrum lies below the K- 
band frequency (the lowest frequency WMAP radiometer) and is generally a sub-dominant 
emission component. The theoretically predicted Cold Neutral Medium (CNM) peak is at 
17.8 GHz, but we solve for a peak frequency scale factor of ~ 0.85 that places the fitted peak 
frequency near 15 GHz. The physical parameters that define the CNM are certainly only ap- 
proximate, and their variation across the Galaxy is almost certainly responsible for complex 
spectral shape variations beyond just an amplitude and frequency shift. (Throughout this 
paper we use the term "spinning dust" without regard to the accuracy of the implied under- 
lying physical model, but simply as the origin of a spectral template form to fit, where we 
allow both frequency and intensity adjustments. The actual physical emission mechanism(s) 
of this component may not yet be fully understood.) 

e) Free-free emission is generally strong in the WMAP bands and the dominant fore- 
ground at high latitude in Q- and V-bands, but free-free emission is not as well traced by 
Ha; emission maps as one might have hoped or expected. This is true even when the Ha 
emission is corrected for reflection and optical depth effects. 

f) We find a systematic Galactic plane discrepancy at the 20% level between the thermal 
dust template map based on a model fit to IRAS and COBE data and extrapolated to the 
WMAP bands, compared with our WMAP thermal dust fits with an inner plane/outer 
plane error morphology. At high Galactic latitude the thermal dust template appears to be 
reasonable. The dust spectral index appears to be ~ 1.8 (for antenna temperature). 

g) We find strong evidence that the synchrotron emission spectral index varies across the 
sky and is generally flatter in the plane and steepens with Galactic latitude. In addition, the 
synchrotron spectral index appears to steepen with frequency. Within the WMAP bands the 
spectra of free- free, synchrotron, and spinning dust (which generally peaks at about 15 GHz 
and steepens at K- and Ka-bands) are far from orthogonal. Yet, there is no spinning dust 
emission in the Haslam 408 MHz map, so that radio map is helpful for removing degeneracies. 
The foreground contributions at K-band are roughly 50% synchrotron, 35% free-free, and 
15% for a spinning dust like component. Free-free emission dominates in Q- and V-bands, 
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and thermal dust emission dominates in W-band. 

h) The definition of the term "haze" has evolved over the years as have its purported 
emission characteristics. We are able to approximately reproduce the Planck team fit, how- 
ever while the haze component possibly exists, the case for it is not compelling. We find no 
compelling evidence for a "haze" in any of our fits, but this is not the same as saying that 
it does not exist because the feature could conceivably be partitioned into various emission 
components of the fit. We note that analyses that produce a haze-like feature also tend to 
produce many haze-like regions across the sky both within a Galactic cut (which is often not 
displayed in the literature) and somewhat outside of a cut. 

i) We define a Galactic cut for fitting and removing template-traced emission for the 
high latitude sky and then a small additional cut for safety. The remaining high latitude 
sky is used for power spectrum calculation and parameter determination. This portion of 
the template-corrected sky is strongly dominated by CMB anisotropy. 

7) We implemented a new unbiased and optimal estimation of the TT power spectrum 
that uses C~ x weighting, as opposed to the unbiased MASTER quadratic estimator. We 
also present the TE, EE, TB, and BB power spectra. A six parameter flat ACDM model is 
fit to these power spectra. 

8) We examined the goodness-of-fit of the ACDM model to the power spectrum data. 
The x 2 °f th e high-/ TT power spectrum is dominated by an even-/ versus odd-/ effect, as 
seen in the seven year analysis. This is notable since the seven-year power spectrum was 
determined by MASTER and the nine-year by C" 1 . Therefore the even-odd effect cannot 
be an artifact of the computation method. We continue to believe that the effect is not 
significant as we have made posterior choices to select and examine the effect (such as a 
particular range of multipole moments) and there exists no known theory to produce it, 
especially since even sharp features in fc-space do not remain sharp in /-space. 

9) The quadrupole amplitude is below of the median expectation of the best fit power 
spectrum by < 2a, so it is not anomalously low. No new theory could be significantly 
preferred (i.e., by more than 2a) based on the quadrupole value alone. The quadrupole- 
octupole alignment remains approximately the same in the nine-year as seven-year data, but 
a new estimate of the uncertainties based on the underlying ILC map indicates that we can- 
not reliably remove foregrounds to the level needed to demonstrate a significant alignment. 
Having addressed the quadrupole value, the quadrupole-octupole alignment, and the gen- 
eral goodness-of-fit, we find no convincing evidence of CMB anomalies beyond the normal 
statistical ranges that should be anticipated to occur in a rich dataset. 

10) An analysis of the CMB maps find no compelling evidence for deviations from 
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Gaussianity. We find fffi = 37.2 ± 19.9, with -3 < fffi < 77 at 95% CL. We also find 
fxl = 51 ± 136, with -221 < ft* < 323 at 95% CL, and f^ h = -245 ± 100, with 
—445 < /nl* 1 < — 45 at 95% CL. We do not find any of these quantities differ significantly 
from zero. It should be noted that three quantities are computed, increasing the chance of 
an otherwise less likely outcome. 



11) Cosmological models are fit to the power spectrum (IHinshaw et al.l 120121 ). A six 
parameter flat ACDM model continues to fit all of the WMAP data well. These parameters 
also appears to be consistent with a wide range of other cosmological data as well. The 
six parameter cosmological volume determined by WMAP data alone is a factor of 68,000 
times smaller that the C MB constraints bef ore WMAP as assessed by the "Last Stand 



Before WMAP" paper of IWang et al.l ( 120031 ). (Since the optical depth to scattering was 



not constrained at all in that assessment, we assigned to it a constraint of r < 0.3 in 
carrying out the volume calculation.) Adding a seventh parameter suggests a reduction of 
the cosmological volume by even more, a factor of 117,000. 

12) When WMAP data are combined with a rich array of other significant cosmological 
data the stress-test for ACDM is extraordinary. It is notable that only six parameters are 
required to achieve a sufficient fit to all cosmological data and that the underlying ACDM 
has not broken. Quite the contrary, a set of precise and accurate parameters now form a 
standard model of cosmology within the framework of the big bang theory (an expanding and 
cooling universe) and inflation (an underlying tilted power spectrum of primordial Gaussian- 
random adiabatic fluctuations). General relativity combined with the Friedmann-Lemaitre- 
Robertson- Walker metric leads to the Friedmann equation, which provides the background 
cosmology. Inflation can provide the initial conditions, including the generation of primordial 
perturbations via fluctuations of the inflaton and gravitational fields. Inflation predicts that 
the universe is nearly flat. We find Q k = — 0.0031±g;S and \Q k \ < 0.0094 at 95% confidence, 
within 0.95% of flat/Euclidean. If restricted to Q k > (a negative curvature open universe) 
as suggested by the creation of our universe from the landscape, then Qj. < 0.0062 at 95% 
CL. A small deviation from flatness is expected and is worthy of future searches. Inflation 
is also strongly supported by the observed features that the fluctuations are adiabatic, with 
Gaussian random phases. The detection of a deviation of the scalar spectral index from unity 
reported earlier by WMAP now has high statistical significance (n s = 0.9608 ±0.0080). The 
CMB has been central to posing the horizon, flatness, and structure problems for which 
inflation and general relativity provide solutions. 

13) Within the horizon, acoustic waves modify the primordial perturbations in a man- 
ner that depends on the values of the cosmological parameters. The sub-horizon CMB 
measurements drive the determination of the cosmological parameters and the degeneracies 
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are broken with the addition of other cosmological observations, such as measurements of 
the Hubble constant and the baryon acoustic oscillations as a function of redshift determined 
from large galaxy surveys. Using this fact, we find that Big Bang nucleosynthesis is well 
supported and there is no compelling evidence for a non-standard number of neutrino species 
(N cS = 3.84 ±0.40). 

14) The requirement for both cold dark matter, which gravitates but does not inter- 
act with photons, and a substantial mass-energy component consistent with a cosmological 
constant, which causes an accelerated expansion of the universe as characterized by Type 
la supernovae measurements, is unavoidable because of the precision of the available data 
and the multiple methods of measurement. The CMB fluctuations require dark matter and 
dark energy. The inability to predict a value for vacuum energy was a pre-existing physics 
problem, but particle physics has no problem positing massive particles that do not interact 
with photons as candidates for the CDM. If the massive particles do not decay or annihilate, 
their identity makes little difference to cosmology. It may well turn out that the dominant 
mass-energy component of our universe is a cosmological constant arising from vacuum en- 
ergy, and that the vacuum energy is fundamentally not a specifically predictable quantity. 
It will be exciting to see how current theories develop, and especially fascinating how well 
these theories can be tested with data. The CMB is a unique remnant of the early universe 
which has been our primary cosmological observable. It continues to be imperative to learn 
all that we can from it. 
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A. Band Center Frequencies 

Figure [44] shows small year-to-year variations of Galactic plane brightness measured 
from yearly maps in K-, Ka-, Q-, and V-bands. Each yearly map was correlated against the 
nine-year map for pixels at \b\ < 10°. A linear slope and offset was fit to each correlation, 
and the slope values are shown in Figure HH Results for W-band are not shown because the 
scatter in the yearly slopes is large and no significant variation was detected. Analysis of 
DA maps has shown that the measured variation is consistent in Ql and Q2, and in VI and 
V2. 



in 



The K— Q band b rightness variations were previously presented for the seven-year data 



Jarosik et al.l (1201 if ), where they were described as variations in the WMAP calibration. 
Further analysis has shown that the CMB signal in yearly maps does not show such variation. 
Yearly variations of the CMB dipole amplitude in year 1-7 maps are less than ±0.025% for 
many DAs. We have also found that the Galactic plane brightness variations depend on spec- 
tral index, with greater variation for regions of steeper spectral index, so we conclude that 
they are caused by variations in the effective center frequencies of the WMAP bandpasses 
over the mission. As the observatory's thermal contr ol surfaces age, a gra dual warming of the 



WMAP instrument's physical temperature occurs flGreason et al.ll2012l ). Given the instru- 
ment amplifier fixed voltage bias scheme, an increase in temperature (or device aging) can 
induce corresponding changes in the drain current and gain, and an associated perturbation 
in the effective bandpass. 

We determine the fractional variation in center frequency for each band as follows. 
Assuming the sky signal in a given pixel p can be characterized by a power law spectrum 
with thermodynamic temperature spectral index f3 p , the measured sky brightness for a given 
year i is 

Vi N 



Ti(p) = To(p)[^) , (Al) 
where T (p) is the sky brightness at a fiducial frequency u Q and is the effective frequency 
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for year i. We assume To(p) is constant in time. For small frequency drifts, Aui/i/Q = 
(z/j — Vq)/vq -C 1, it is useful to work with the linearized form, 

T t (p)=T (p)[l + f3 p (Aiy l /iy )]. (A2) 

If we choose u = (^), where the mean is over years i, then T (p) = (Tj(p)) and the fractional 
variation in frequency is 



- 1 (A3) 
(x/i) V( t up)) / 

For each band and each year, we calculate the pixel averaged Ti/ (Tj) for Galactic plane pixels 
in selected spectral index ranges as the Ti{p) vs (Ti(p)) correlation slope. Spectral index was 
calculated using the neighboring WMAP band or bands, e.g., /3(K-Ka) was used for K-band 
and the mean of /3(K-Ka) and /3(Ka-Q) was used for Ka-band. Each spectral index bin for 
a given band gives a result for the variation of Ai/j/ [vj) over the mission. These results were 
found to be consistent with each other, and an average (excluding bins with high scatter) 
was adopted for the variations shown for each band in Figure HU 

No correction for bandpass drift is applied in our map-making. Since the WMAP 
observations are made simultaneously in the different bands, the map-making always forms 
band maps that have a common epoch, and each band map can be treated as having a single 
effective band center freq uency valid for that epoch. Our previously publishe d band center 



frequen cies (see Table 4 of lJarosik et al.l ( 120111 ) for point sources and Table 1 1 of lJarosik et al. 



( l2003af l for diffuse emission) are based on pre-flight measurements, so presumably are valid 
for year 1 of the flight data. For nine-year data, a correction based on Figure [44] should 
be applied. The correction is a reduction of the pre-flight center frequency by 0.13, 0.12, 
0.11, and 0.06% for K-, Ka-, Q-, and V-band, respectively. This correction is included in the 
center frequencies for point sources listed in Table [3j 
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Fig. 44. — Top - Measurements of the year-to-year fractional brightness variation of the 
Galactic plane in WMAP skymaps, obtained by correlating Galactic plane signal in each 
single year map with Galactic plane signal in the nine-year map. There is a small depen- 
dence of these variations on spectral index, which shows that they are caused by variations 
in effective WMAP band center frequencies over the mission. Bottom - The year-to-year 
fractional variation of WMAP band center frequency derived from Galactic plane brightness 
variations measured for selected spectral index bins. 
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Table 18. WMAP Nine- Year Five-band Point Source Catalog 



RA [hms] 


Dec [dm] 


ID 


K [Jy] 


Ka [Jy] 


Q [Jy] 


V [Jy] 


W [Jy] 


a 


5 GHz ID 


00 


04 


08 


-47 


43 




0.6 ±0.02 


0.7 ±0 


.04 


0.5 ±0.05 


0.5 ±0.08 




-0.1 ±0.3 


PMN J0004-4736 


00 


06 


06 


-06 


23 


060 


2.2 ± 0.04 


1.6 ±0 


.05 


1.8 ±0.07 


1.9 ± 0.1 


1.3 ± 0.2 


-0.3 ±0.1 


PMN J0006-0623 


00 


10 


33 


11 


01 




0.8 ±0.03 


1.0 ±0 


.05 


1.2 ±0.06 


1.6 ± 0.1 


1.1 ± 0.2 


0.5 ±0.2 


GB6 J0010+1058 


00 


12 


46 


-39 


53 


202 


1.3 ±0.03 


1.1 ±0 


04 


1.1 ±0.05 


0.9 ±0.09 




-0.3 ±0.2 


PMN J0013-3954 


00 


25 


24 


-26 


03 




0.9 ±0.03 


0.8 ±0 


.05 


0.6 ±0.06 






-0.4 ±0.3 


PMN J0025-2602 a 


00 


26 


06 


-35 


10 




0.7 ±0.03 


0.9 ±0 


.05 


0.9 ±0.05 


0.8 ±0.09 


0.9 ±0.2 


0.2 ±0.2 


PMN J0026-3512 


00 


29 


33 


05 


54 




1.1 ± 0.03 


1.2 ±0 


05 


1.2 ±0.06 


0.9 ±0.1 


1.4 ±0.2 


0.1 ±0.2 


GB6 J0029±0554B 1 


00 


38 


15 


-25 


01 




0.8 ±0.03 


0.8 ±0 


.05 


0.7 ±0.06 


0.8 ± 0.1 




-0.1 ±0.2 


PMN J0038-2459 


00 


38 


33 


-02 


08 




0.7 ±0.03 


0.2 ±0 


.05 


0.7 ±0.06 






-0.2 ±0.4 


PMN J0038-0207 


00 


13 


12 


52 


09 




1.4 ±0.03 


0.7 ±0 


.04 


0.8 ±0.05 


0.5 ±0.09 




-1.2 ±0.2 


GB6 J0043±5203 


00 


16 


14 


-84 


18 




0.8 ±0.03 


1.0 ±0 


.04 


0.8 ±0.05 


0.7 ±0.08 


0.7 ±0.1 


-0.0 ±0.2 


PMN J0044-8422 a 


00 


17 


21 


-25 


11 


062 


1.1 ± 0.03 


1.0 ±0 


.05 


1.2 ±0.05 


0.9 ±0.1 


1.3 ±0.2 


0.0±0.1 


PMN J0047-2517 


00 


18 


05 


-73 


12 










1.9 ±0.05 


1.4 ±0.08 


1.3 ±0.1 


-0.6 ±0.3 


PMN J0047-7308 


00 


49 


07 


72 


27 




1.9 ±0.03 


1.6 ±0 


.04 


1.3 ±0.05 


0.9 ±0.08 


1.3 ±0.2 


-0.5 ±0.1 




00 


19 


13 


-42 


19 






1.3 ±0 


.05 


0.6 ±0.06 






-3.1 ± 1 




00 


19 


47 


-57 


39 


179 


1.5 ± 0.03 


1.5 ±0 


.04 


1.4 ±0.05 


1.5 ±0.08 


1.2 ± 0.1 


-0.0 ±0.1 


PMN J0050-5738 


00 


50 


50 


-06 


19 




1.4 ±0.03 


1.3 ±0 


05 


1.1 ±0.06 


1.4 ±0.1 


1.0 ±0.2 


-0.1 ±0.1 


PMN J0051-0650 


00 


50 


55 


-42 


23 




1.3 ±0.03 


1.5 ±0 


.04 


1.3 ±0.05 


0.9 ±0.08 


1.0 ±0.2 


-0.0 ±0.1 


PMN J0051-4226 


00 


50 


57 


-09 


27 


077 


1.0 ±0.03 


1.0 ±0 


.05 


1.3 ±0.06 


1.1 ± 0.1 


1.1 ± 0.2 


0.2 ±0.2 


PMN J0050-0928 


00 


57 


10 


-01 


27 




1.0 ±0.03 


1.0 ±0 


.05 


1.0 ±0.06 


0.9 ±0.1 


0.6 ±0.2 


-0.1 ±0.2 


PMN J0057-0123 


00 


57 


50 


30 


20 




0.6 ±0.04 


0.7 ±0 


.05 


0.4 ±0.06 


0.8 ±0.1 




0.1 ±0.3 


GB6 J0057±3021 


00 


58 


01 


54 


19 






1.4 ±0 


.05 


0.8 ±0.06 


0.3 ±0.08 




-2.6 ±0.6 




00 


59 


41 


-56 


56 




0.8 ±0.03 


0.9 ±0 


.04 


1.0 ±0.04 


0.8 ±0.08 


0.6 ±0.1 


0.2 ±0.2 


PMN J0058-5659 


01 


00 


27 


-72 


11 




3.6 ±0.04 


2.6 ±0 


.06 


2.0 ±0.05 


1.3 ±0.08 


0.8 ±0.2 


-1.0 ±0.08 


PMN J0059-7210 


01 


06 


13 


-40 


31 


171 


2.6 ±0.03 


2.6 ±0 


.05 


2.4 ±0.06 


2.1 ± 0.1 


1.6 ±0.1 


-0.2 ±0.07 


PMN J0106-4034 


01 


08 


27 


13 


19 


079 


1.6 ±0.03 


1.2 ±0 


.05 


0.7 ±0.06 


0.7 ±0.1 




-0.9 ±0.2 


GB6 J0108±1319 


01 


08 


15 


01 


35 


081 


2.0 ±0.04 


2.1 ±0 


.06 


1.9 ±0.06 


1.4 ±0.1 


1.1 ± 0.2 


-0.2 ±0.1 


GB6 J0108±0135 a 


01 


16 


IS 


-11 


36 




1.0 ±0.03 


0.8 ±0 


.05 


0.9 ±0.06 


1.3 ±0.1 


0.8 ±0.2 


0.0 ±0.2 


PMN J0116-1136 


01 


19 


02 


-73 


26 




1.5 ± 0.05 


1.0 ±0 


.05 


0.6 ±0.05 


0.6 ±0.09 


0.9 ±0.2 


-0.9 ±0.2 




01 


21 


11 


11 


51 




1.9 ±0.04 


1.4 ±0 


05 


1.4 ±0.06 


0.6 ±0.1 


1.2 ± 0.2 


-0.5 ±0.1 


GB6 J0121+1149 


01 


22 


12 


04 


22 




1.0 ±0.04 


0.9 ±0 


.05 


1.0 ±0.06 


0.8 ±0.1 


1.4 ±0.2 


0.0 ±0.2 


GB6 J0121+0422 


01 


25 


21 


-00 


10 


086 


1.0 ±0.03 


1.2 ±0 


.05 


1.3 ±0.06 


0.9 ±0.1 




0.3 ±0.2 


PMN J0125-0005 a 


01 


25 


22 


-52 


52 




0.5 ± 0.04 


0.5 ±0 


.05 


0.4 ±0.04 


0.4 ±0.08 


1.2 ± 0.1 


0.4 ±0.2 




01 


32 


11 


-16 


53 


097 


1.9 ±0.04 


2.1 ±0 


.05 


1.8 ±0.06 


1.8 ±0.1 


2.3 ±0.2 


0.0 ±0.09 


PMN J0132-1654 


01 


33 


04 


-52 


01 


168 


0.7 ± 0.03 


1.0 ±0 


.04 


0.8 ±0.04 


0.3 ±0.08 


0.4 ±0.1 


0.1 ±0.2 


PMN J0133-5159 


01 


33 


28 


-36 


27 




0.6 ±0.02 


0.4 ±0 


.04 


0.3 ±0.05 






-1.0 ±0.5 


PMN J0134-3629 a 


01 


34 


20 


-38 


11 




0.3 ±0.02 


0.4 ±0 


.04 


0.4 ±0.05 


0.5 ±0.08 




0.4 ±0.3 


PMN J0134-3843 


01 


37 


01 


47 


52 


080 


4.1 ± 0.04 


4.1 ±0 


.06 


3.9 ±0.07 


3.6 ±0.1 


1.8 ±0.2 


-0.1 ±0.05 


GB6 J0136±4751 


01 


37 


22 


33 


15 




0.9 ±0.04 


0.4 ±0 


06 


0.3 ±0.07 






-1.9 ±0.6 


GB6 J0137±3309 


01 


37 


38 


-24 


29 




1.2 ± 0.03 


1.4 ±0 


.05 


1.3 ±0.05 


1.4 ±0.09 




0.1 ±0.1 


PMN J0137-2430 


01 


52 


30 


22 


10 




0.8 ±0.04 


0.8 ±0 


.06 


1.0 ±0.06 


1.2 ± 0.1 




0.4 ±0.2 


GB6 J0152+2206 


01 


57 


11 


-46 


01 




0.7 ± 0.03 


0.9 ±0 


.04 


1.1 ±0.04 


0.8 ±0.09 




0.6 ±0.2 


PMN J0157-4600 


02 


04 


46 


15 


14 


092 


1.2 ± 0.04 


1.2 ±0 


.06 


1.3 ±0.06 


1.2 ± 0.1 


1.0 ±0.2 


-0.0 ±0.2 


GB6 J0204+1514 


02 


05 


01 


32 


12 


085 


2.1 ± 0.04 


1.8 ±0 


.06 


1.7 ±0.07 


1.2 ± 0.1 




-0.5 ±0.1 


GB6 J0205±3212 


02 


05 


21 


-17 


05 




0.5 ± 0.03 


0.2 ±0 


.05 


0.7 ±0.05 


0.7 ±0.1 


0.8 ±0.2 


0.5 ±0.3 


PMN J0204-1701 
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Table 18 — Continued 



RA [hms] Dec [dm] ID K [Jy] Ka [Jy] Q [Jy] V [Jy] W [Jy] a 5 GHz ID 



02 


10 


52 


-51 


00 


158 


2.7 ±0 


.03 


2.5 ±0.05 


2.6 ±0 


.05 


2.5 ±0.1 


1.9 ±0.1 


-0.1 ±0.06 


PMN J0210-5101 


02 


12 


01 


-61 


13 




0.6 ±0 


.03 


0.5 ±0.05 


0.6 ±0 


.05 


0.3 ±0.08 


0.8 ±0.1 


0.0 ±0.2 




02 


18 


09 


01 


40 


096 


1.9 ±0 


.04 


1.8 ±0.05 


1.5 ±0 


.06 


1.1 ±0.1 




-0.3 ±0.1 


GB6 J0217±0144 


02 


20 


18 


35 


57 




1.4 ±0 


03 


1.4 ±0.05 


1.4 ±0 


.07 


1.2 ±0.1 


1.8 ±0.2 


-0.0 ±0.1 


GB6 J0221+3556 


02 


22 


19 


-34 


39 


137 


1.1 ±0 


.02 


1.2 ±0.03 


0.8 ±0 


.04 


0.6 ±0.08 




-0.2 ±0.1 


PMN J0222-3441 


02 


23 


13 


13 


03 


084 


2.0 ±0 


04 


1.3 ±0.05 


1.3 ±0 


06 


1.3 ±0.1 


1.1 ±0.2 


-0.6 ±0.1 


GB6 J0223±4259 a 


02 


31 


13 


-47 


11 




0.8 ±0 


03 


0.8 ±0.04 


1.0 ±0 


01 


1.3 ±0.08 


2.0 ±0.2 


0.5 ± 0.1 


PMN J0231-4746 


02 


31 


39 


13 


20 




1.3 ±0 


.04 


1.6 ±0.06 


1.3 ±0 


.06 


1.2 ±0.1 




0.1 ± 0.2 


GB6 J0231+1323 


02 


37 


58 


28 


48 


093 


3.6 ±0 


04 


3.3 ±0.07 


3.1 ±0 


.09 


2.3 ±0.1 




-0.4 ±0.08 


GB6 J0237+2848 


02 


38 


17 


16 


36 




1.5 ±0 


.04 


1.7 ±0.07 


1.7 ±0 


.06 


2.1±0.1 


1.7±0.2 


0.2 ± 0.1 


GB6 J0238+1637 


02 


10 


02 


-23 


09 




0.6 ±0 


03 


0.2 ±0.04 


0.2 ±0 


.05 


0.4 ±0.09 




-0.8 ±0.4 


PMN J0240-2309 


02 


41 


18 


-08 


21 




1.0 ±0 


03 


0.8 ±0.05 


0.6 ±0 


06 






-0.6 ±0.3 


PMN J0241-0815 


02 


15 


09 


-44 


56 




0.4 ±0 


03 


0.5 ±0.04 


0.7 ±0 


01 


0.5 ±0.08 


1.0 ±0.2 


0.6 ± 0.2 


PMN J0245-4459 


02 


53 


32 


-54 


41 


155 


2.5 ±0 


03 


2.7 ±0.05 


2.5 ±0 


.05 


2.2 ±0.1 


1.7 ±0.1 


-0.1 ±0.07 


PMN J0253-5441 


02 


59 


31 


-00 


18 




1.2 ±0 


04 


1.4 ±0.05 


1.4 ±0 


06 


1.3 ±0.1 




0.2 ± 0.2 


PMN J0259-0020 


03 


03 


39 


-62 


12 


162 


1.6 ±0 


03 


1.7 ±0.05 


1.6 ±0 


.05 


1.6 ±0.08 


1.7 ±0.1 


0.0 ±0.09 


PMN J0303-6211 


03 


03 


17 


17 


17 




0.7 ±0 


03 


0.9 ±0.05 


0.8 ±0 


.06 


0.6 ±0.1 




0.1 ± 0.2 


GB6 J0303+4716 


03 


08 


31 


04 


05 


102 


1.5 ±0 


04 


1.4 ±0.06 


1.4 ±0 


06 


1.3 ±0.1 


1.4 ±0.2 


-0.1 ±0.1 


GB6 J0308+0406 


03 


09 


21 


10 


27 




1.0 ±0 


04 


1.5 ±0.06 


1.4 ±0 


06 


1.4 ±0.1 




0.4 ±0.2 


GB6 J0309+1029 


03 


09 


59 


-61 


02 


160 


1.2 ±0 


03 


1.4 ±0.04 


1.0 ±0 


.04 


0.9 ±0.08 




-0.2 ±0.1 


PMN J0309-6058 


03 


12 


12 


-76 


47 


174 


1.2 ±0 


03 


1.4 ±0.04 


1.4 ±0 


04 


1.6 ±0.08 


1.1 ±0.1 


0.2 ± 0.1 


PMN J0311-7651 


03 


12 


55 


01 


33 




0.7 ±0 


04 


0.5 ±0.06 


0.6 ±0 


06 


0.8 ±0.1 


0.9 ±0.2 


0.0 ±0.3 


GB6 J0312+0132 


03 


19 


16 


11 


31 


094 


13.5 ± 0.04 


10.9 ± 0.06 


9.5 ±0 


.07 


7.6 ±0.1 


5.6 ±0.2 


-0.6 ±0.02 


GB6 J0319+4130 


03 


22 


19 


-37 


11 


138 


18.6 ±3.4 


12.9 ± 1.6 


10.8 ±1.8 


8.5 ±2.3 




-0.8 ±0.3 


Uy 0320-37 b 


03 


25 


27 


22 


24 




0.5 ±0 


04 


0.6 ±0.06 


0.8 ±0 


.07 


0.7±0.1 




0.5 ± 0.3 


GB6 J0325±2223 a 


03 


29 


18 


-23 


54 


123 


1.3 ±0 


03 


1.3 ±0.04 


1.3 ±0 


.05 


1.5 ±0.08 


0.7±0.1 


-0.0 ±0.1 


PMN J0329-2357 


03 


34 


15 


-40 


07 


146 


1.7 ±0 


03 


1.7 ±0.04 


1.8 ±0 


.05 


1.9 ±0.08 


1.3 ±0.1 


0.1 ± 0.09 


PMN J0334-4008 


03 


36 


55 


-12 


56 




1.2 ±0 


03 


1.1 ±0.05 


1.0 ±0 


.05 


1.3 ±0.1 




-0.0 ±0.2 


PMN J0336-1302 


03 


37 


19 


-36 


12 




0.4 ±0 


03 


0.9 ±0.04 


0.6 ±0 


01 


0.6 ±0.08 




0.6 ± 0.3 


PMN J0336-3615 


03 


39 


24 


-01 


13 


106 


2.5 ±0 


.05 


2.4 ±0.06 


2.2 ±0 


.07 


1.9 ±0.1 


2.3 ±0.2 


-0.2 ±0.09 


PMN J0339-0146 


03 


10 


26 


-21 


20 




1.1 ±0 


.03 


1.3 ±0.04 


1.0 ±0 


.05 


1.2 ±0.09 


1.0 ±0.2 


0.0 ±0.1 


PMN J0340-2119 


03 


18 


25 


-16 


01 




0.6 ±0 


.03 


0.4 ±0.05 


0.7 ±0 


.06 


0.7 ±0.09 




0.2 ± 0.3 


PMN J0348-1610 


03 


18 


55 


-27 


17 


129 


1.5 ±0 


.03 


1.2 ±0.04 


1.1 ±0 


.04 


1.1 ±0.07 


0.8 ±0.1 


-0.4 ±0.1 


PMN J0348-2749 


03 


50 


06 


-26 


12 




0.9 ±0 


.05 


1.1 ±0.04 


1.0 ±0 


.04 


1.2 ±0.08 


0.8 ±0.1 


0.1 ± 0.2 




03 


58 


19 


10 


26 




0.7 ±0 


.04 


0.4 ±0.06 






0.6 ±0.1 




-0.5 ±0.5 


GB6 J0358+1026 


04 


03 


01 


25 


56 




1.2 ±0 


.03 


1.1 ±0.05 


0.8 ±0 


.06 


0.6 ±0.1 




-0.6 ±0.2 


GB6 J0403±2600 


04 


03 


59 


-36 


05 


136 


2.8 ±0 


.03 


3.1 ±0.05 


3.2 ±0 


.05 


2.9 ±0.09 


2.3 ±0.1 


0.1 ± 0.06 


PMN J0403-3605 


04 


05 


38 


-13 


04 


114 


2.1 ±0 


.04 


1.8 ±0.05 


1.5 ±0 


.05 


1.2 ±0.1 


0.8 ±0.2 


-0.6 ±0.1 


PMN J0405-1308 


04 


06 


11 


-12 


13 




2.0 ±0 


.04 


0.6 ±0.07 


0.5 ±0 


.06 


0.5 ±0.1 


1.0 ±0.2 


-1.2 ±0.2 




04 


07 


07 


-38 


25 


141 


1.2 ±0 


.03 


1.0 ±0.05 


1.1 ±0 


.04 


1.0 ±0.08 




-0.2 ±0.1 


PMN J0406-3826 


04 


08 


32 


-75 


06 




0.9 ±0 


.03 


0.6 ±0.04 


0.4 ±0 


.04 






-1.3 ±0.3 


PMN J0408-7507 


04 


11 


07 


76 


54 


082 


0.9 ±0 


.03 


0.8 ± 0.04 


0.7 ±0 


.05 


0.6 ±0.08 




-0.5 ±0.2 


Uy 0403+76 


04 


16 


35 


-20 


51 




1.2 ±0 


.03 


1.4 ±0.05 


1.2 ±0 


.05 


1.1 ±0.09 




0.0 ±0.1 


PMN J0416-2056 


04 


23 


17 


-01 


20 


110 


7.7 ±0 


.04 


7.9 ±0.07 


7.6 ±0 


.08 


6.8 ±0.1 


5.8 ±0.2 


-0.1 ±0.03 


PMN J0423-0120 


04 


23 


35 


02 


17 




1.3 ±0 


.03 


1.4 ±0.05 


1.0 ±0 


07 


1.0 ±0.1 




-0.2 ±0.2 


GB6 J0422±0219 


04 


21 


50 


00 


35 


109 


0.9 ±0 


.04 


1.2 ±0.05 


1.4 ±0 


.07 


1.6 ±0.1 


1.2 ±0.2 


0.6 ±0.2 


GB6 J0424+0036 
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RA [hms] Dec [dm] ID K [Jy] Ka [Jy] Q [Jy] V [Jy] W [Jy] a 5 GHz ID 



04 


25 


26 


-37 


57 


140 


1 


,6±0, 


01 





9±0 


.05 





8±0 


05 


1.2 ±0.09 








-0.7 ±0.2 


PMN J0424-3756 


04 


28 


39 


-37 


57 




1 


,8±0. 


01 


1 


9±0 


.06 


1, 


9±0 


.05 


1.6 ±0.08 


1 


,3±0. 


1 


-0.1 ±0.09 


PMN J0428-3756 a 


04 


33 


13 


05 


20 


108 


2 


8±0. 


04 


2 


6±0 


.07 


2 


4±0 


.08 


2.0 ±0.1 


1 


5±0. 


2 


-0.3 ±0.09 


GB6 J0433±0521 


04 


38 


31 


-12 


18 







,5 ± 0. 


03 





,8±0 


.05 


1, 


0±0 


.06 


1.1 ± 0.1 





,6±0. 


2 


0.7 ±0.2 


PMN 


J0438-1251 


04 


10 


14 


-43 


33 


147 


2 


,1±0. 


01 


2 


,0±0 


.05 


1, 


8±0 


05 


1.6 ±0.09 


1 


,2±0. 


1 


-0.3 ±0.1 


PMN 


J0440-4332 


04 


12 


52 


-00 


18 




1 


0±0. 


03 





8±0 


.05 





7±0 


.06 


1.0 ±0.1 


1 


6±0. 


2 


0.1 ±0.2 


PMN 


J0442-0017 


04 


1!) 


05 


-80 


59 


175 


1 


,6±0. 


03 


1 


9±0 


.05 


1, 


8±0 


05 


1.8 ±0.08 


1 


,3±0. 


1 


0.0 ±0.08 


PMN 


J0450-8100 


04 


53 


19 


-28 


07 


131 


1 


,8±0. 


03 


2 


,0±0 


.05 


1, 


9±0 


.05 


1.6 ±0.08 


1 


,5±0. 


1 


0.0 ±0.09 


PMN 


J0453-2807 


04 


55 


56 


-46 


17 


151 


4 


.2 ± 0. 


04 


4 


0±0 


.06 


3 


9±0 


.06 


3.3 ±0.1 


2 


6±0. 


1 


-0.2 ±0.05 


PMN 


J0455-4616 


04 


56 


58 


-23 


22 


128 


2 


,6±0. 


03 


2 


,5±0 


.04 


2 


3±0 


.06 


2.0 ±0.08 


2 


,6±0. 


1 


-0.1 ±0.06 


PMN 


J0457-2324 


04 


57 


10 


-21 


45 







,8±0. 


03 





.8±0 


.04 





6±0 


05 




1 


,0±0. 


2 


-0.0 ±0.2 






05 


01 


14 


-22 


59 
















1. 


1 ±0 


.05 


0.9 ±0.08 





9±0. 


1 


-0.3 ±0.4 






05 


01 


19 


-01 


59 







7±0. 


03 


1 


,0±0 


.05 





8±0 


.06 


1.1 ± 0.1 


1 


,0±0. 


2 


0.3 ±0.2 


PMN 


J0501-0159 


05 


06 


16 


-06 


21 




1 


,4±0. 


03 


1 


.1 ±0 


.05 


1, 


2±0 


.07 


0.6 ±0.1 








-0.5 ± 0.2 






05 


06 


56 


-61 


07 


154 


2 


3±0. 


03 


2 


0±0 


.04 


1. 


7±0 


.04 


0.7 ±0.07 


1 


,7±0. 


1 


-0.4 ±0.08 


PMN 


J0506-6109 a 


05 


13 


19 


-21 


55 


127 


1 


3±0. 


03 


1 


3±0 


.04 


1. 


1 ±0 


.05 


1.0 ±0.08 








-0.2 ± 0.1 


PMN 


J0513-2159 


05 


17 


11 


-62 


19 







,8±0. 


03 











8±0 


.03 


0.3 ±0.06 





,6±0. 


1 


-0.1 ± 0.2 


PMN 


J0515-6220 


05 


19 


13 


-45 


16 


150 


7 


,7±0. 


03 


5 


9±0 


.05 


5. 


1 ±0 


.06 


4.0 ±0.1 


2 


3±0. 


1 


-0.7 ±0.03 


PMN 


J0519-4546 a 


05 


23 


02 


-36 


27 


139 


1 


8±0. 


03 


4 


4±0 


.05 


1 


1 ±0 


.06 


3.9 ±0.1 


3 


8±0, 


2 


-0.2 ±0.04 


PMN 


J0522-3628 


05 


25 


03 


-23 


37 







,9±0. 


02 


1 


,0±0 


.04 





8±0 


05 


0.8 ±0.07 





,8±0. 


1 


-0.1 ± 0.2 


PMN 


J0525-2338 a 


05 


25 


54 


-48 


28 







9±0. 


03 


1 


4±0 


.04 


1. 


2±0 


.05 


1.5 ±0.08 


1 


.1 ±0. 


1 


0.4 ±0.1 


PMN 


J0526-4830 a 


05 


27 


09 


03 


38 




1 


4±0. 


03 


1 


,5±0 


.05 


1. 


5±0 


.06 


1.2 ± 0.1 





8±0, 


2 


0.0 ±0.1 


GB6 J0527±0331 


05 


27 


34 


-12 


11 


122 


1 


,6±0. 


01 


1 


6±0 


.05 


1, 


4±0 


05 


1.3 ±0.09 


1 


,3±0. 


2 


-0.2 ± 0.1 


PMN J0527-1241 


05 


28 


35 


19 


16 










0.7 ±0.2 





5±0 


.08 










-1.6 ±4 






05 


33 


22 


18 


16 







4±0. 


04 





6±0 


.05 





6±0 


.06 


0.9 ±0.1 





9±0. 


2 


0.7 ±0.3 


GB6 J0533±1836 


05 


33 


35 


48 


21 







,8±0. 


03 





,5±0 


.05 





8±0 


.06 







,9±0. 


2 


-0.1 ± 0.2 


GB6 J0533±4822 


05 


34 


35 


-61 


07 







,8±0. 


02 





.8±0 


.03 





7±0 


03 


0.7 ±0.06 





.7±0. 


1 


-0.1 ± 0.1 


PMN J0534-6106 


05 


36 


02 


19 


59 






















0.5 ± 0.1 


1 


0±0. 


2 


1.8 ± 2 






05 


36 


16 


-66 


09 







,4±0. 


02 





.7±0 


.03 





5±0 


.03 


0.4 ±0.05 








0.4 ±0.3 


PMN J0535-6601 


05 


38 


51 


-44 


05 


148 


6 


,3±0. 


03 


6 


6±0 


.05 


6 


9±0 


.06 


6.7 ±0.1 


6 


,1 ±0. 


2 


0.1 ±0.03 


PMN J0538-4405 


05 


39 


19 


-28 


12 







3±0. 


03 





6±0 


.04 





6±0 


.04 


0.8 ±0.08 








1.0 ±0.3 


PMN J0539-2839 


05 


10 


46 


-54 


15 


152 


1 


,1±0. 


02 


1 


3±0 


.04 


1 


2±0 


.05 


1.6 ±0.07 


1 


.1 ±0. 


1 


0.2 ±0.1 


PMN J0540-5418 


05 


12 


30 


49 


51 


095 


1 


.7±0. 


01 


1 


,4±0 


.05 


1, 


1 ±0 


.06 


1.2 ± 0.1 








-0.6 ±0.2 


GB6 J0542+4951 


05 


43 


27 


-73 


29 







4±0. 


02 





,7±0 


.03 





6±0 


.04 


0.5 ±0.06 





5±0. 


1 


0.4 ±0.2 


PMN J0541-7332 


05 


16 


30 


-67 


18 













3±0 


.03 





6±0 


.04 


0.6 ±0.05 


0.9 ±0.08 


0.8 ±0.2 






05 


16 


15 


-64 


12 


156 





,6±0. 


02 





3±0 


.03 





4±0 


.03 




0.9 ±0.08 


0.0 ±0.2 


PMN J0546-6415 


05 


50 


30 


-57 


31 


153 


1 


,4±0. 


03 


1 


3±0 


.04 


1, 


3±0 


.04 


1.2 ±0.07 





8±0. 


1 


-0.2 ± 0.1 


PMN J0550-5732 


05 


51 


54 


37 


13 




1 


3±0. 


03 


1 


4±0 


.05 


1. 


3±0 


.06 


0.6 ±0.1 


1 


0±0. 


2 


-0.1 ± 0.2 


GB6 J0551±3751 a 


05 


52 


39 


-66 


36 













.1 ±0 


.02 





4±0 


.04 


0.6 ±0.06 








2.1 ±0.6 






05 


55 


18 


39 


45 


100 


3 


,4±0. 


01 


2 


,4±0 


.06 


1 


9±0 


.07 


1.0 ±0.1 


1 


,4±0. 


2 


-0.9 ±0.1 


GB6 J0555±3948 


06 


06 


36 


71 


47 




1 


0±0. 


03 


1 


,1±0 


.04 


1. 


0±0 


.04 


0.8 ±0.07 


1 


4±0, 


1 


0.1 ±0.1 






06 


07 


03 


67 


23 


091 


1 


,5 ± 0. 


03 


1 


,2±0 


.04 





7±0 


.05 


0.6 ±0.08 








-0.9 ±0.2 


GB6 J0607±6720 a 


06 


08 


19 


-22 


20 




1 


,3±0. 


02 


1 


,2±0 


.04 


1, 


2±0 


.05 


0.7 ±0.08 





,8±0. 


1 


-0.2 ± 0.1 


PMN J0608-2220 


06 


09 


38 


-15 


11 


126 


3 


,7±0. 


04 


3 


,1±0 


.06 


2. 


8±0 


.07 


2.2 ±0.09 


1 


.1 ±0. 


2 


-0.5 ±0.07 


PMN J0609-1542 


06 


09 


50 


-60 


54 







3±0. 


02 





3±0 


.04 





4±0 


.03 


0.8 ±0.06 





8±0. 


1 


0.8 ±0.2 


PMN J0610-6058 


06 


15 


33 


-78 


12 







3±0, 


03 





4±0 


.04 





,2±0 


.04 


0.5 ±0.08 








0.4 ±0.4 


PMN J0618-7842 
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RA [hms] Dec [dm] ID K [Jy] Ka [Jy] Q [Jy] V [Jy] W [Jy] a 5 GHz ID 



06 


21 


28 


-25 


13 







,3 ±0.03 


0.2 ±0 


.04 


0.2 ±0 


04 






-1.1 ±0.8 


PMN J0621-2504 


06 


23 


14 


-64 


36 




1 


,0±0.02 


1.0 ±0 


.03 


1.0 ±0 


03 


1.0 ±0.04 


1.1 ± 0.08 


-0.0 ±0.08 


PMN J0623-6436 


06 


27 


06 


-05 


53 




1 


.5 ± 0.04 


0.7 ±0 


05 


0.4 ±0 


06 






-2.0 ±0.3 


PMN J0627-0553 


06 


2!) 


31 


-19 


57 


130 


1 


,5 ± 0.03 


1.4 ±0 


.04 


1.3 ±0 


05 


0.6 ±0.08 




-0.3 ±0.1 


PMN J0629-1959 


06 


30 


39 


-09 


33 




1 


,5 ± 0.03 


1.0 ±0 


.05 


0.9 ±0 


06 


0.7 ±0.1 


1.2 ±0.2 


-0.6 ±0.1 




06 


34 


37 


-23 


36 







.7 ± 0.02 


0.6 ±0 


.04 


0.5 ±0 


05 


0.5 ±0.07 




-0.5 ± 0.3 


PMN J0634-2335 


06 


35 


51 


-75 


17 


167 


1 


,6 ±0.03 


4.3 ±0 


.04 


3.9 ±0 


.04 


3.1 ±0.08 


2.6 ±0.1 


-0.3 ±0.04 


PMN J0635-7516 


06 


36 


35 


-20 


32 


134 


1 


,3 ±0.03 


1.5 ±0 


.04 


0.9 ±0 


05 


1.1 ±0.08 




-0.0 ±0.1 


PMN J0636-2041 a 


06 


39 


32 


73 


27 


087 





.7 ± 0.03 


0.5 ±0 


.04 


0.7 ±0 


.04 


0.9 ±0.08 




0.1 ±0.2 


GB6 J0639±7324 


06 


16 


30 


11 


50 


099 


2 


,9 ±0.04 


2.3 ±0 


.06 


2.1 ±0 


06 


1.5 ± 0.1 


2.0 ±0.2 


-0.5 ±0.08 


GB6 J0646±4451 


06 


18 


23 


-17 


45 








0.6 ±0 


.04 


0.6 ±0 


05 


0.7 ±0.09 


0.9 ±0.2 


0.3 ±0.4 


PMN J0648-1744 


06 


50 


20 


-16 


35 




3 


1 ± 0.03 


2.9 ±0 


.05 


2.5 ±0 


07 


1.6 ±0.09 


2.2 ±0.2 


-0.4 ±0.07 


PMN J0650-1637 a 


06 


51 


56 


-64 


51 







1 ± 0.02 


0.4 ±0 


.03 


0.4 ±0 


03 


0.6 ±0.06 




1.4 ±0.4 




06 


59 


19 


17 


07 




1 


,4 ±0.03 


1.4 ±0 


.05 


1.3 ±0 


06 


1.1 ± 0.1 




-0.1 ± 0.2 


GB6 J0700±1709 


07 


20 


06 


-62 


21 







.5 ± 0.02 


0.8 ±0 


.04 


1.0 ±0 


.04 


0.8 ±0.07 


0.9 ±0.1 


0.6 ±0.2 


PMN J0719-6218 


07 


21 


52 


71 


21 




2 


0±0.03 


2.2 ±0 


.05 


2.2 ±0 


05 


2.2 ±0.09 


2.6 ±0.2 


0.2 ±0.07 


GB6 J0721+7120 


07 


25 


54 


-00 


52 







.7 ±0.03 


1.1 ±0 


.05 


1.6 ±0 


07 


1.9 ±0.1 


1.4 ±0.2 


0.9 ±0.1 


PMN J0725-0054 


07 


26 


18 


67 


13 







.6 ±0.02 


0.4 ±0 


.04 


0.5 ±0 


05 


0.7 ±0.08 




-0.1 ± 0.3 


GB6 J0728±6748 


07 


30 


19 


-11 


11 




5 


.3 ±0.04 


5.1 ±0 


.06 


4.8 ±0 


07 


3.9 ±0.1 


2.4 ±0.2 


-0.3 ±0.04 


PMN J0730-1141 


07 


34 


09 


50 


20 




1 


1 ± 0.03 


1.3 ±0 


.05 


1.4 ±0 


06 


1.1 ± 0.1 


2.0 ±0.2 


0.3 ±0.1 


GB6 J0733±5022 a 


07 


38 


07 


17 


43 


113 


1 


.3 ±0.04 


0.8 ±0 


.05 


0.9 ±0 


06 


0.9 ±0.1 




-0.5 ± 0.2 


GB6 J0738±1742 


07 


39 


16 


01 


36 


124 


1 


.6 ±0.03 


1.5 ±0 


05 


1.8 ±0 


07 


1.7 ±0.1 


1.3 ±0.2 


0.1 ±0.1 


GB6 J0739±0136 


07 


11 


22 


31 


11 


107 


1 


,3 ±0.04 


1.1 ±0 


.06 


0.8 ±0 


07 


0.8 ±0.1 




-0.5 ± 0.2 


GB6 J0741+3112 


07 


13 


15 


-67 


27 


161 


1 


,4 ±0.03 


0.9 ±0 


.04 


0.7 ±0 


.04 


0.6 ±0.07 


1.2 ±0.1 


-0.5 ± 0.1 


PMN J0743-6726 a 


07 


45 


28 


10 


15 


118 


1 


1 ± 0.04 


1.2 ±0 


.05 


0.9 ±0 


06 


0.6 ±0.1 




-0.1 ± 0.2 


GB6 J0745±1011 


07 


16 


04 


-00 


45 







,9 ±0.03 


0.8 ±0 


.05 


0.8 ±0 


06 


0.7 ±0.1 




-0.2 ± 0.2 


PMN J0745-0044 


07 


18 


08 


-16 


17 




1 


,3 ±0.03 


1.7 ±0 


.05 


1.4 ±0 


05 


0.7 ±0.09 




0.2 ±0.1 


PMN J0748-1639 a 


07 


18 


39 


23 


55 







.9 ±0.04 


1.0 ±0 


06 


0.9 ±0 


07 


1.0 ±0.1 




0.1 ±0.2 


GB6 J0748±2400 


07 


50 


53 


12 


30 


117 


3 


,7 ±0.04 


3.5 ±0 


.06 


3.4 ±0 


.08 


2.9 ±0.1 


2.6 ±0.2 


-0.2 ±0.07 


GB6 J0750±1231 


07 


53 


15 


53 


54 




1 


1 ± 0.03 


1.4 ±0 


.05 


1.0 ±0 


07 


0.7 ±0.1 




0.1 ±0.2 


GB6 J0753±5353 a 


07 


57 


04 


09 


57 


120 


1 


1 ± 0.03 


1.0 ±0 


05 


1.3 ±0 


06 


1.2 ± 0.1 


1.5 ±0.2 


0.2 ±0.1 


GB6 J0757±0956 


08 


05 


47 


61 


33 







.8 ±0.03 


0.7 ±0 


.05 


0.8 ±0 


06 


0.6 ±0.09 


0.7±0.2 


-0.2 ± 0.2 




OS 


08 


19 


-07 


50 


133 


1 


,6 ±0.03 


1.7 ±0 


.05 


1.6 ±0 


06 


1.7 ±0.1 


1.5 ±0.2 


-0.0 ±0.1 


PMN J0808-0751 


08 


11 


37 


01 


11 







.8 ±0.03 


0.5 ±0 


05 


0.5 ±0 


06 


0.6 ±0.1 




-0.5 ± 0.3 


GB6 J0811±0146 


08 


13 


16 


18 


18 




1 


1 ± 0.03 


1.1 ±0 


.05 


1.2 ±0 


07 


0.5 ± 0.1 




-0.0 ±0.2 


GB6 J0813+4813 


08 


16 


24 


-24 


25 


145 





.8 ±0.03 


1.2 ±0 


.04 


1.2 ±0 


05 


0.8 ±0.08 


0.5 ±0.1 


0.4 ±0.2 


PMN J0816-2421 


08 


18 


25 


42 


22 




1 


,2 ± 0.04 


1.6 ±0 


.05 


1.3 ±0 


07 


1.2 ± 0.1 


1.6 ±0.2 


0.2 ±0.1 


GB6 J0818±4222 


08 


23 


18 


22 


21 




1 


.2 ± 0.04 


1.4 ±0 


.06 


1.3 ±0 


.08 


1.3 ±0.1 


1.0 ±0.2 


0.1 ±0.2 


GB6 J0823±2223 


08 


21 


50 


39 


11 




1 


,0±0.04 


1.1 ±0 


.06 


0.9 ±0 


07 


0.7 ±0.1 




-0.1 ± 0.2 


GB6 J0824+3916 a 


08 


25 


18 


03 


11 


125 


1 


,9 ±0.04 


2.0 ±0 


.06 


1.8 ±0 


07 


1.9 ±0.1 


1.2 ±0.2 


-0.0 ±0.1 


GB6 J0825±0309 


08 


26 


09 


-22 


32 







.9 ±0.03 


0.7 ±0 


.04 


0.7 ±0 


05 


0.9 ±0.09 




-0.1 ± 0.2 


PMN J0826-2230 


08 


30 


54 


21 


10 


112 


1 


,0±0.04 


1.4 ±0 


.06 


1.1 ±0 


07 


1.7 ±0.1 


1.9 ±0.2 


0.5 ±0.1 


GB6 J0830±2410 


08 


34 


17 


55 


32 




1 


,0±0.03 


0.8 ±0 


.05 


0.7 ±0 


06 


1.0 ±0.1 


1.5 ±0.2 


-0.1 ± 0.2 


GB6 J0834+5534 


08 


36 


47 


-20 


14 


144 


2 


.6 ±0.04 


2.3 ±0 


.06 


1.9 ±0 


05 


1.1 ±0.09 


1.2 ±0.2 


-0.6 ±0.09 


PMN J0836-2017 


08 


37 


57 


58 


23 




1 


.5 ± 0.03 


1.5 ±0 


.05 


1.3 ±0 


06 


1.0 ±0.1 




-0.3 ±0.1 


GB6 J0837±5825 


08 


10 


11 


13 


12 


121 


1 


.8 ± 0.04 


1.7 ±0 


.06 


1.5 ±0 


07 


1.2 ±0.1 




-0.3 ± 0.1 


GB6 J0840+1312 
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RA [hms] 


Dec [dm] 


ID 


K [Jy] 


Ka [Jy] 


Q [Jy] 


V [Jy] 


W [Jy] 


a 


5 GHz ID 


aq 
Uo 


1 1 


Z < 


—A 

i U 


OT 


089 


2.1 ± 0.03 


z.l zt U 


Uo 


2.0 ± 0.05 


1.8 ± 0.08 


1.1 ± 0.1 


—0.2 ± 0.08 


GB6 J 0841+7053 


UcS 


■1 7 
1 1 


DU 


07 
— U i 


O 1 

01 




0.9 ± 0.03 


u.y zt U 


A ~, 

Uo 


1.2 ± 0.06 


1.0 ±0.1 


1.1 ± 0.2 


0.3 ± 0.2 


PMN J0847-0703 


08 


51 


1 / 


—59 


21 




0.5 ± 0.03 


0.8 i 


05 


1.1 ± 0.05 


0.7 ± 0.08 


1.0 ±0.1 


0.7 ± 0.2 


PMN J0851-5924 


AQ 

Uo 


C 1 

□4 


■1 7 
1 1 


OA 
ZU 


Aft 
UO 


115 


4.5 ± 0.05 


o.U zb U 


no 
Uo 


5.0 ± 0.08 


4.8 ± 0.1 


4.0 ± 0.2 


0.1 ± 0.05 


GB6 J 0854+2006 


AO 

uy 


AO 

Uz 


"1 ft 

Id 


1 A 
— 14 


1 1 

IT 




1.3 ± 0.03 


i.o it u 


A ~, 

Uo 


1.6 ± 0.06 


1.4 ± 0.1 


1.6 ± 0.2 


0.2 ± 0.1 


PMN J0902-1415 


uy 


no 

Uo 


lo 


l ft 
TO 


To 




1.1 ± 0.04 


n o i n 
u.y ± U 


A ft 

Uo 


0.7 ± 0.06 


0.6 ± 0.1 


0.9 ± 0.2 


—0.4 ± 0.2 


GB6 J0903+4650 


no 
uy 


A 1 
U 1 


i o 

1Z 


— ol 


no 
Uo 




0.6 ± 0.02 


7-1-0 

U. ( ± u 


A 1 
Ul 


0.9 ± 0.05 


0.7 ± 0.08 


0.9 ± 0.2 


0.4 ± 0.2 


PMN J0904-3110 


AO 

uy 


A 1 
U 1 


9 A 
zU 


£7 
— D I 


go 
OO 




0.7 ± 0.03 


ii in 
1. 1 ± U 


A 1 
Ul 


1.1 ± 0.05 


1.0 ± 0.08 


1.1 ± 0.2 


0.4 ± 0.1 


PMN J0904-5735 


AO 

uy 


U i 


Oo 


OA 

— zu 


01 

zl 




1.2 ± 0.03 


i n i n 
l.U ± U 


A X 

Uo 


0.5 ± 0.06 


1.0 ± 0.1 


1.0 ± 0.2 


—0.4 ± 0.2 


PMN J 0907-2026 


AO 
U.J 


A O 

uy 


"1 8 
lo 


O "1 
Ul 


"I H 
lo 


132 


1.8 ± 0.04 


l.O it u 


A ft 
UO 


1.4 ± 0.07 


1.1 ± 0.1 




—0.5 ± 0.2 


GB6 J0909+0121 


AO 

uy 


AO 


DU 


1 o 
Tz 


Kyi 
ol 




0.9 ± 0.04 


1 A _L O 

l.U zt U 


A ft 
UO 


0.9 ± 0.06 


0.7 ± 0.1 




—0.1 ± 0.2 


GB6 J0909+4253 


AO 

uy 


"1 1 
14 


1 o 
TU 


AO 
\)Z 


I A 

T;J 




1.5 ± 0.04 


1 *7 _L O 

IT ±u 


A ft 
UO 


1.6 ± 0.07 


1.1 ± 0.1 


2.1 ± 0.2 


0.1 ± 0.1 


A T~> / " 7AA 1 A 1 AA * r 

GB6 J 0914+0245 


AO 

uy 


lo 


1 1 

IT 


1 O 
— 1Z 


A 

Uo 


143 


2.1 ± 0.04 


O O -U o 
U.y zt U 


A 

Uo 


0.6 ± 0.06 






—2.3 ± 0.3 


PMN J0918-1205 


AO 

uy 


O O 

zU 


To 


1 1 

IT 


1 l 
11 




1.6 ± 0.04 


i a i n 
1.4 ± U 


A ft 
UD 


1.5 ± 0.05 


1.7 ± 0.1 


1.2 ± 0.2 


—0.0 ± 0.1 


GB6 J0920+4441 


A O 

uy 


o I 
Z 1 


A ft 
UO 


ft O 


IT 




1.1 ± 0.03 


1 A -1- O 

l.U zt U 


A 1 
U 1 


0.9 ± 0.05 


0.8 ± 0.09 




—0.2 ± 0.2 


GB6 J0921+6215 


AO 

uy 


O 1 

ZT 


Q O 
oU 


Oft 
— ZD 


1 A 




1.4 ± 0.04 


i o i n 
l.o zt U 


Uo 


1.2 ± 0.06 


1.2 ± 0.1 


0.8 ± 0.2 


—0.3 ± 0.1 


PMN J0921-2618 


AO 




l 1 

14 


/I A 

— 4U 


A 1 
Ul 




1.1 ± 0.03 


1 1 _!_ O 

1. 1 zt U 


A 1 
Ul 


1.2 ± 0.04 


0.9 ± 0.08 


0.7 ± 0.1 


—0.1 ± 0.1 


PMN J0922-3959 


A O 

uy 


9 1 

zT 


Aft 
UD 


OH 

Zo 


1 ft. 
10 




1.0 ± 0.04 


O O -1- o 

u.y zt u 


UO 


1.1 ± 0.06 


0.8 ±0.1 


1.0 ± 0.2 


—0.0 ± 0.2 


GB6 J0923+2815 


AO 

uy 


07 
Z ( 


A ~, 

Uo 


Q A 
OU 


A 1 
Ul 


105 


8.1 ± 0.04 


ft O _L A 

o.y zt u 


n7 
U / 


6.3 ± 0.07 


5.2 ± 0.1 


3.6 ± 0.2 


—0.4 ± 0.03 


GB6 J0927+3902 


AO 

uy 




"1 1 
IT 


~,A 
OU 


1 ft 
10 




0.6 ± 0.03 


A 7 -U A 
U. / zt U 


A 

Uo 


0.6 ± 0.05 


nolo r\f\ 

0.8 ± 0.09 


1.1 ± 0.2 


0.3 ± 0.2 


GB6 J0929+5013 


AO 

uy 


A C 
To 


OO 


1 A 
TU 


OO 


104 


1.4 ± 0.03 


1 7 -i- A 
1. I ± U 


A 

Uo 


1.7 ± 0.06 


1.9 ±0.1 


1.6 ± 0.2 


0.3 ± 0.1 


GB6 J 0948+4039 


AO 

uy 


IT, " 

DO 


■I ~, 

To 


ft A 

oy 


Qft 
DO 


088 


1.5 ± 0.04 


1 C _L A 

l.o zt U 


Uo 


1.1 ± 0.04 


1.1 ± 0.09 


1.2 ± 0.2 


—0.3 ± 0.1 


GB6 J 0955+6940 


AO 
V)) 


ft 

OO 


Q O 
■V.) 


o^, 

zo 


1 1 

IT 




0.8 ± 0.03 


1 A -U A 

l.U zt U 


A 

Uo 


0.9 ± 0.06 


0.8 ±0.1 




0.1 ± 0.2 


GB6 J0956+2515 


A O 

uy 


C7 
O f 


O O 


DO 


Oft 
ZO 




1.0 ± 0.03 


n q i a 
U.o zt U 


A ~, 

Uo 


0.9 ± 0.05 


0.6 ± 0.09 




—0.3 ± 0.2 


GB6 J0957+5522 


AO 

uy 


f, Q 
■ JO 


1 A 

1U 


■1 7 
T i 


OO 

zz 


098 


1.3 ± 0.03 


1 /I _L A 

1.4 zt U 


Uo 


1.6 ± 0.05 


1.2 ± 0.09 




0.2 ± 0.1 


GB6 J 0958+4725 


AO 

uy 


P.O 

oy 


n7 

U i 


ft p". 


■11 




1.1 ± 0.03 


1 1 -1- A 

1. 1 zt U 


A 1 
Ul 


0.9 ± 0.04 


0.8 ± 0.08 


0.8 ± 0.1 


—0.3 ± 0.1 


/^A ATA) t • f~ f\f\ f~ CA 1 ATO /I 

GB6 J 0958+6534 


JLU 


A ~, 

Uo 


r, ft 
DD 


ol 


r7 

D ( 




0.6 ± 0.03 


A ft J_ A 

U.O zt U 


A ~, 

Uo 


0.4 ± 0.07 






—0.3 ± 0.5 


GB6 J1006+3453 a 


"1 A 
1U 


1 I 

IT 


lo 


zo 


Uo 


119 


1.1 ± 0.03 


A O -1- A 

u.y zt u 


Uo 


0.9 ± 0.06 


1.0 ±0.1 




—0.3 ± 0.2 


f~A~ T^> / ■ Ti r\ 1 a i rinm 

GB6 J 1014+2301 


10 


15 


11 


—45 


11 




1.3 ± 0.03 


1.0 zt 


04 


0.9 ± 0.04 






—0.7 ± 0.2 


T~\ tvttvt Tim a ^r"r»o 

PMN J 1014-4508 


10 


17 


10 


35 


51 




0.7 ± 0.03 


0.9 zt 


05 


0.8 ± 0.06 


0.9 ±0.1 




0.2 ± 0.2 


GB6 J 1018+3550 


10 


18 


18 


-31 


31 




1.1 ± 0.03 


1.0 zt 


01 


0.7 ± 0.06 


0.5 ± 0.09 




-0.6 ± 0.2 


PMN J1018-3123 


10 


22 


16 


40 


02 




1.1 ± 0.03 


1.2 ±0 


05 


1.3 ±0.06 


0.5 ± 0.1 




0.2 ±0.2 


GB6 J1022+4004 


10 


32 


19 


41 


17 


103 


1.2 ± 0.03 


0.9 zt 


05 


0.8 ±0.05 


0.8 ±0.1 


1.4 ±0.2 


-0.3 ±0.1 


GB6 J1033+4115 


10 


33 


12 


60 


50 




0.9 ±0.03 


1.0 zt 


04 


0.9 ±0.04 


0.6 ±0.07 


0.8 ±0.1 


-0.1 ±0.2 


GB6 J1033+6051 a 


10 


35 


21 


-20 


06 




0.8 ±0.03 


0.4 zt 


05 


0.2 ±0.06 


0.4 ±0.1 




-1.4 ±0.5 


PMN J1035-2011 a 


10 


36 


31 


-37 


38 




0.9 ±0.03 


0.8 zt 


04 


0.4 ±0.05 






-0.5 ±0.3 


PMN J1036-3744 


10 


37 


21 


-29 


31 




1.8 ±0.04 


1.7 zt 


05 


1.5 ±0.06 


1.3 ±0.1 


1.7 ±0.2 


-0.2 ±0.1 


PMN J1037-2934 


10 


38 


33 


05 


10 


142 


1.3 ±0.03 


0.9 zt 


05 


1.2 ±0.06 


0.9 ±0.1 




-0.4 ±0.2 


GB6 J1038+0512 


10 


11 


28 


06 


11 




0.9 ±0.03 


1.2 ztO 


05 


1.0 ±0.06 


0.8 ±0.1 




0.1 ±0.2 


GB6 J1041+0610 


10 


11 


16 


-47 


31 


163 


1.1 ± 0.03 






0.7 ±0.04 




1.6 ±0.2 


-0.2 ±0.2 


PMN J1041-4740 


10 


12 


59 


21 


04 




0.7 ± 0.03 


0.7 zt 


05 


0.9 ±0.06 




1.8 ±0.2 


0.6 ±0.2 


GB6 J1043+2408 


10 


17 


03 


71 


12 


083 


1.1 ± 0.03 


0.9 zt 


05 


0.6 ±0.04 






-0.8 ±0.3 


GB6 J1048+7143 


10 


17 


59 


-19 


10 




1.3 ±0.03 


1.0 zt 


05 


0.5 ±0.06 






-1.1 ±0.3 


PMN J1048-1909 


10 


56 


22 


81 


12 




1.2 ± 0.03 


1.1 ±0 


04 


0.9 ±0.05 


0.8 ±0.09 


0.8 ±0.2 


-0.3 ±0.2 




10 


58 


27 


01 


34 


119 


5.3 ±0.04 


5.0 zt 


06 


4.8 ±0.07 


4.7 ±0.1 


3.1 ± 0.2 


-0.2 ±0.04 


GB6 J1058+0133 


10 


59 


12 


-80 


03 


176 


2.5 ± 0.03 


2.7 zt 


05 


2.7 ±0.05 


2.6 ±0.1 


1.9 ±0.1 


0.1 ±0.06 


PMN J1058-8003 
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RA [hms] 


Dec [dm] 


ID 


K [Jy] 


Ka [Jy] 


Q [Jy] 


V [Jy] 


W [Jy] 


o 


5 GHz ID 


1 1 

1 1 


no 
Uz 


A 1 
Ul 


1 z 


0*7 
z / 




1.2 ± 0.03 


1.2 ± 0.05 


~t o 1 n n a 

1.2 ± 0.04 


n c 1 n nn 

0.6 ± 0.09 




—0.2 ± 0.2 


GB6 J1101±7225 


1 "1 
11 


n o 
Uz 


Uo 


A A 
— 44 


A O 

Uz 




0.6 ± 0.02 


0.8 ± 0.03 


0.6 ± 0.05 


0.9 ± 0.08 




0.4 ± 0.2 


PMN J1102-4404 


1 "1 
11 


U / 


10 


A A 
— 44 


A ft 
10 


166 


1.7 ± 0.03 


1.7 ± 0.04 


1.6 ± 0.05 


1.4 ± 0.08 


0.8 ± 0.1 


—0.2 ± 0.09 


PMN J1107-4449 


1 1 
1 1 


"1 Q 

lo 


n7 
U i 


—40 


QQ 
OO 




"i o \ n nn 

1.2 ± 0.02 


0.8 ± 0.03 


no 1 n n r" 

0.8 ± 0.05 


no 1 n n o 

0.8 ± 0.08 


0.8 ± 0.2 


—0.6 ± 0.1 


FMN J 1118-4634 


1 1 
1 1 


"1 Q 

lo 


oo 
OZ 


1 o 
— Iz 


QO 
OZ 




1.2 ± 0.03 


1.1 ± 0.05 


1.1 ± 0.06 


0.5 ± 0.1 


1.1 ± 0.2 


—0.3 ± 0.2 


PMN J1118-1232 a 


1 "1 
1 1 


"1 Q 

lo 


■lo 


1 o 


QO 
OO 




1.0 ± 0.03 


0.8 ± 0.05 


0.9 ± 0.06 


0.8 ± 0.1 




—0.3 ± 0.2 


GB6 J1118±1234 


1 "1 
1 1 


07 
z / 


UO 


— lo 


OO 


159 


1.4 ± 0.03 


1.4 ± 0.05 


1.6 ± 0.06 


1.4 ± 0.1 


1.9 ± 0.2 


0.1 ± 0.1 


PMN J1127-1857 


1 "1 
11 


oU 


11 


1 A 
— 14 


ol 


157 


2.1 ± 0.04 


1.7 ± 0.05 


2.0 ± 0.07 


1.2 ± 0.1 


2.3 ± 0.2 


—0.2 ±0.1 


PMN J1130-1449 


1 "1 
1 1 


on 

oU 


lit 


DO 

oo 


"1 1 
11 


101 


1.0 ± 0.03 


1.0 ± 0.05 


1.0 ± 0.05 


n o 1 n nn 

0.8 ± 0.09 


1.3 ± 0.2 


0.0 ±0.1 


f~A t^> r' T"iion i oo^fri 

GB6 J1130±3815 


1 "1 
1 1 


O i 


1 A 
oU 


7/1 
— (4 


"1 1 
11 




r\ r\ I r\ n o 

0.9 ± 0.03 


0.7 ± 0.04 


no 1 n n r" 

0.3 ± 0.05 


n A 1 n nn 

0.4 ± 0.09 




—0.8 ± 0.3 


"P* TVTTVT T 1 1 OA' 1 r 

PMN J1136-7415 


1 "1 
11 


1.) 


1 A 
1U 


— oy 


TO 

oo 




0.8 ± 0.03 


0.9 ± 0.04 


0.9 ± 0.05 


1.0 ± 0.08 


1.0 ± 0.1 


0.2 ±0.1 


PMN J1145-6953 


1 "1 
11 


i ft 
10 


n^ 
U / 


— 4o 


1 Q 

lo 




/ i ■ ; 1 < i /ill 

0.8 ± 0.02 


■in 1 n n a 

1.0 ± 0.04 


n r*y i n n r" 

0.7 ± 0.05 


"i n 1 n nn 

1.0 ± 0.09 


1.2 ± 0.2 


0.2 ±0.1 


PMN J 1145-4836 


1 "1 
11 


1 ft 

lo 


O 1 


1 A 

1U 


A A 
UU 




1.1 ± 0.03 


1.3 ± 0.04 


1.3 ± 0.05 


n n 1 n nn 

0.9 ± 0.09 




0.2 ± 0.2 


"P> c T"i"i ac i onro^ 

GB6 J1146±3958 


1 "1 
11 


■1 V 

1 / 


A ft 

UO 


QQ 

— oo 


"1 1 
1 1 


169 


2.2 ± 0.04 


2.3 ± 0.06 


2.2 ± 0.07 


2.0 ± 0.1 


1.6 ± 0.2 


—0.1 ± 0.09 


PMN J1147-3812 


1 "1 
1 1 


p. a 
oU 


z / 


— ( y 


07 
Z f 




1.5 ± 0.03 


1.1 ± 0.04 


0.6 ± 0.05 


0.8 ± 0.09 




— 1.0 ± 0.2 


PMN J1150-7918 


1 "1 
1 1 


en 
OU 


lo 


AA 

— UU 


Oft 
ZD 




0.7 ± 0.03 


0.4 ± 0.05 


0.6 ± 0.06 






—0.4 ± 0.4 


PMN J1150-0024 


1 "1 
11 


OZ 


OO 


AC 

— Uo 


40 




0.9 ± 0.03 


n n 1 n n r* 

0.9 ± 0.05 


■in 1 n n c 

1.2 ± 0.06 


0.6 ± 0.1 




0.2 ± 0.2 


"P* TVTTVT T"l"lfn no A "1 

PMN J1152-0841 


1 "1 
1 1 


OO 


1 
IZ 


ly 


QO 
OZ 


090 


2.2 ± 0.03 


2.1 ± 0.05 


n "i in t \ i * 

2.1 ± 0.06 


i ^7 1 n n o 

1.7 ± 0.08 


1.3 ± 0.1 


n n 1 n n o 

—0.2 ± 0.08 


GB6 J1153±4931 


1 "1 
11 


04 


1.) 


— oo 


"I 1 
11 




0.9 ± 0.03 


0.9 ± 0.05 


0.9 ± 0.06 


0.8 ± 0.1 




—0.0 ± 0.2 


PMN JH54-3504 


1 "1 
1 1 


■ >■) 


1 
IZ 


ol 


A Q 

Uo 


078 


0.9 ± 0.03 


i \ -7 i n n A 

0.7 ± 0.04 


n ^7 1 n n r" 

0.7 ± 0.05 


n n 1 n nn 

0.9 ± 0.09 


1.3 ± 0.2 


—0.1 ± 0.2 


it "iir"niO"i 

Uy 1150±81 


1 "1 
1 1 


£7 
/ 


11 


1 ft 
10 


Qft 
OO 




■in 1 r\ n o 

1.0 ± 0.03 


1.1 ± 0.05 


1.1 ± 0.06 


1.0 ± 0.1 


1.1 ± 0.2 


0.0 ± 0.2 


GB6 J1157±1639 


1 "1 
11 


en 

:.)}) 


OO 


on 
zy 


"1 1 
11 


111 


2.2 ± 0.04 


o n 1 n / 1 / 1 

2.2 ± 0.06 


2.1 ± 0.07 


1.6 ± 0.1 


0.8 ± 0.2 


—0.2 ±0.1 


nr>/» t -| -i r*n i nn~i a 

GB6 J1159±2914 


1 
IZ 


Uo 


Q A 

oU 


lo 


Uo 




0.9 ± 0.02 


r\ p-t i n n a 

0.7 ± 0.04 


n n 1 r\ nr 

0.6 ± 0.05 


n n 1 n n o 

0.2 ± 0.08 


0.7 ± 0.2 


—0.5 ± 0.2 


/^i r> / ■ T"inno i <OAna 

GB6 J1203±4803 


1 O 

Iz 


UO 


FC "1 
01 


Oft 

— ZO 


Q A 

oy 




1.1 ± 0.04 


1.0 ± 0.05 


1.0 ± 0.06 


0.9 ± 0.1 


1.3 ± 0.2 


—0.0 ± 0.2 


PMN J1205-2634 


Iz 


n ft 
Uo 


O / 


£0 
— OZ 


lo 




0.0 ± 0.04 


1.5 ± 0.04 


1.1 ± 0.05 


no 1 n n o 

0.8 ± 0.08 




— 1.0 ± 0.3 


PMN J1205-5217 


1 

IZ 


Uo 


OA 
ZU 


O/l 
— Z4 


A A 
UU 


172 


1.1 ± 0.03 


1.1 ± 0.06 


0.5 ± 0.06 


0.8 ± 0.1 




—0.5 ± 0.3 




1 o 
Iz 


no 

uy 


A 1 
U 1 


— OZ 


O Q 
ZO 






1.7 ± 0.04 


0.7 ± 0.05 


0.5 ± 0.08 




—2.6 ± 0.5 




Iz 


1 1 


■3 A 


en 

— OZ 


Q K 
OO 




a n 1 /i / i • > 

4.2 ± 0.03 


or" 1 n n a 

2.5 ± 0.04 


"i n 1 n t \ i * 

1.9 ± 0.06 


■in 1 n n o 

1.2 ± 0.08 




"i o 1 n n o 

— 1.3 ± 0.08 


TO TVTTVT T 1 O 1 O K n A r" rl, 

PMN J 1212-5245 


12 


15 


58 


— 17 


29 


173 


"i n 1 n n o 

l.b ± 0.03 


1.3 ± 0.05 


~t o 1 n n c 

1.3 ± 0.06 


0.9 ± 0.1 


0.8 ± 0.2 


—0.5 ±0.1 


TO TVTTVT Tlfli F "I^O"! 

PMN J1215-1731 


12 


18 


58 


18 


31 




0.9 ± 0.02 


1.1 ± 0.03 


0.9 ± 0.04 


1.0 ± 0.08 


0.5 ± 0.1 


0.1 ± 0.1 


GB6 J1219±4830 


12 


19 


21 


05 


49 


164 


3.0 ± 0.04 


2.3 ± 0.06 


2.1 ± 0.06 


1.3 ± 0.1 


1.3 ± 0.2 


-0.7 ± 0.09 


GB6 J1219±0549A a 


12 


22 


12 


04 


13 




0.6 ±0.03 


0.6 ±0.05 


0.7 ±0.06 


0.7 ±0.1 




0.2 ±0.3 


GB6 J1222+0413 


12 


21 


28 


-83 


08 


178 


1.0 ±0.03 


1.2 ±0.04 


1.1 ±0.05 


1.1 ±0.08 




0.2 ±0.2 


PMN J1224-8312 


12 


21 


40 


21 


24 




0.6 ±0.03 


0.5 ±0.05 


0.5 ±0.06 


0.6 ± 0.1 




-0.2 ± 0.3 


GB6 J1224+2122 


12 


29 


06 


02 


03 


170 


24.2 ±0.04 


22.1 ± 0.06 


20.9 ±0.07 


18.6 ±0.1 


15.2 ±0.2 


-0.3 ±0.01 


GB6 J1229±0202 


12 


30 


51 


12 


23 


165 


21.4 ±0.04 


16.6 ± 0.06 


14.2 ±0.07 


10.6 ±0.1 


8.0 ±0.2 


-0.7 ± 0.01 


GB6 J1230±1223 


12 


39 


31 


07 


27 




1.2 ±0.03 


1.1 ±0.05 


0.9 ±0.06 


1.3 ± 0.1 




-0.2 ± 0.2 


GB6 J1239±0730 


12 


39 


11 


-10 


25 




0.9 ±0.03 


0.8 ±0.05 


0.8 ±0.06 


1.0 ±0.1 


1.3 ±0.2 


0.1 ±0.2 


PMN J1239-1023 


12 


16 


52 


-25 


16 


177 


1.3 ±0.03 


1.1 ±0.06 


1.5 ±0.06 


1.8 ± 0.1 


0.8 ±0.2 


0.2 ±0.1 


PMN J1246-2547 


12 


18 


51 


-46 


00 




0.6 ±0.03 


0.5 ±0.05 


0.7 ±0.05 


0.5 ±0.09 


0.9 ±0.2 


0.2 ±0.2 


PMN J1248-4559 


12 


55 


11 


-71 


32 




0.5 ±0.03 


0.2 ±0.04 


0.2 ±0.04 


0.3 ±0.08 




-0.8 ± 0.5 


PMN J1254-7138 


12 


56 


12 


-05 


17 


181 


17.7 ±0.04 


18.4 ±0.07 


18.4 ±0.07 


17.4 ±0.1 


14.6 ±0.2 


0.0 ±0.01 


PMN J1256-0547 


12 


58 


09 


-31 


59 


180 


1.4 ±0.03 


1.2 ±0.05 


1.3 ±0.06 


0.6 ± 0.1 


1.1 ±0.2 


-0.3 ± 0.1 


PMN J1257-3154 


12 


58 


27 


32 


26 




0.6 ±0.03 


0.6 ±0.04 


0.4 ±0.05 


0.5 ± 0.1 




-0.3 ± 0.3 


GB6 J1257±3229 a 


12 


58 


50 


-22 


22 




1.0 ±0.04 


0.9 ±0.05 


0.7 ±0.06 


1.0 ±0.1 




-0.3 ± 0.2 


PMN J1258-2219 


12 


59 


17 


51 


11 




0.4 ±0.03 


0.6 ±0.04 


0.6 ±0.04 


0.5 ±0.08 


1.2 ±0.1 


0.6 ±0.2 


GB6 J1259±5141 a 
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Table 18 — Continued 



RA [hms] Dec [dm] ID K [Jy] Ka [Jy] Q [Jy] V [Jy] W [Jy] a 5 GHz ID 



13 


02 


33 


57 


16 







.7 ±0.03 





8±0. 


.04 





5±0 


01 


0.6 ±0.08 


1 


.1 ± 





2 


0.0 ±0.2 


GB6 J1302+5748 


13 


05 


18 


-10 


31 







,8 ±0.04 





.7±0 


.05 





5±0 


.06 


1.1 ± 0.1 


1 


.2± 


0. 


2 


0.2 ±0.2 


PMN J1305-1033 


13 


05 


55 


-49 


30 




1 


.2 ± 0.03 


1 


0±0 


05 


1. 


0±0 


05 


1.1 ±0.09 


1 


0± 





2 


-0.2 ±0.1 


PMN J1305-4928 


13 


10 


10 


32 


22 


052 


2 


,6 ±0.03 


2 


.5±0 


.05 


2 


4±0 


.06 


1.5 ±0.09 


1 


.3± 





2 


-0.3 ±0.08 


GB6 J1310±3220 


13 


16 


OS 


-33 


38 


182 


1 


,9 ±0.04 


1 


.9±0 


.05 


2 


2±0 


.06 


2.1 ± 0.1 


1 


,6± 





2 


0.1 ±0.09 


PMN J1316-3339 


13 


18 


06 


-42 


05 

















4±0 


.06 


0.6 ±0.1 










1.1 ±1 




13 


21 


29 


-10 


19 







.7 ±0.03 


1 


.0±0 


.05 





8±0 


.06 


1.2 ± 0.1 


1 


.5± 





2 


0.6 ±0.2 


PMN J1324-1049 


13 


27 


20 


22 


10 







.8 ±0.03 


1 


.1 ±0 


.05 





8±0 


05 


0.6 ±0.1 


1 


.5± 





2 


0.3 ±0.2 


GB6 J1327±2210 a 


13 


28 


40 


32 


03 




1 


.3 ±0.03 





,7±0 


.05 





5±0 


05 


0.5 ±0.09 










-1.5 ±0.3 




13 


30 


52 


25 


02 




1 


1 ± 0.03 


1 


,2±0 


.05 


1, 


3±0 


05 


1.0 ±0.1 










0.2 ±0.2 


GB6 J1330±2509 a 


13 


31 


19 


30 


31 


026 


2 


,3 ±0.03 


1 


.7±0 


.05 


1, 


3±0 


05 


0.7 ±0.09 










-1.0 ±0.1 


GB6 J1331+3030 


13 


32 


19 


01 


59 




1 


.6 ±0.03 


1 


8±0 


05 


1. 


6±0 


.06 


1.5 ± 0.1 


1 


,5± 





2 


-0.0 ±0.1 


GB6 J1332+0200 


13 


33 


14 


27 


21 







.8 ±0.03 


1 


.0±0 


.05 


1, 


0±0 


05 


1.0 ±0.1 










0.4 ±0.2 


GB6 J1333±2725 a 


13 


36 


51 


-33 


58 


185 


2 


1 ± 0.04 


1 


.7±0 


.05 


1, 


3±0 


.06 


0.9 ± 0.1 





8± 


0. 


2 


-0.7±0.1 


PMN J1336-3358 


13 


37 


40 


-12 


57 


188 


6 


1 ± 0.04 


6 


4±0 


.06 


6 


6±0 


07 


6.3 ± 0.1 


5 


,2± 





2 


0.0 ±0.03 


PMN J1337-1257 


13 


13 


27 


66 


00 







.5 ± 0.03 





2±0 


04 





3±0 


04 












-1.6 ±0.7 


GB6 J1344+6606 a 


13 


17 


15 


12 


18 




1 


0±0.03 


1 


2±0 


.05 


1 


2±0 


06 


1.0 ±0.1 










0.2 ±0.2 


GB6 J1347+1217 


13 


52 


22 


31 


22 







.8 ± 0.03 





4±0 


04 


0. 


6±0 


05 


0.7 ±0.09 





,9± 





2 


-0.1 ±0.2 


GB6 J1352+3126 


13 


54 


19 


-10 


12 


197 


1 


.2 ± 0.03 





8±0 


.05 





5±0 


06 


0.7 ±0.1 










-0.9 ±0.3 


PMN J1354-1041 


13 


56 


11 


76 


11 







.7 ±0.03 





6±0 


.05 





6±0 


.04 


0.9 ±0.09 





6± 





2 


0.1 ±0.2 


C 


13 


56 


55 


19 


18 


004 


1 


.7 ±0.04 


1 


6±0 


.05 


1 


5±0 


05 


1.5 ± 0.1 


1 


0± 





2 


-0.2 ±0.1 


GB6 J1357±1919 


13 


57 


11 


-15 


33 







.5 ± 0.03 



















,8± 





2 


0.4 ±0.4 


PMN J1357-1527 


14 


09 


00 


-07 


19 


203 





.8 ±0.03 





.7±0 


.05 





8±0 


.06 







.5± 





2 


-0.1 ±0.3 


Uy 1406-076 


14 


11 


07 


52 


16 




1 


,0±0.03 





,4±0 


.04 





4±0 


05 












-1.9 ±0.4 


GB6 J1411+5212 


14 


15 


51 


13 


23 




1 


1 ± 0.03 


1 


2±0 


.05 





9±0 


.06 


0.7 ±0.1 





,8± 





2 


-0.3 ±0.2 


GB6 J1415+1320 


14 


17 


54 


46 


11 







.8 ±0.03 





.8±0 


.04 





8±0 


.04 












-0.1 ±0.2 


GB6 J1417+4606 


14 


19 


30 


54 


26 







.7 ±0.03 





6±0 


.04 





7±0 


.04 


0.8 ±0.08 










0.1 ±0.2 


GB6 J1419±5423 a 


14 


19 


40 


38 


22 


042 


1 


1 ± 0.02 


1 


3±0 


.04 


1. 


4±0 


04 


1.0 ±0.07 


1 


0± 





1 


0.2 ±0.1 


GB6 J1419+3822 


14 


20 


10 


27 


03 







,9 ±0.03 


1 


3±0 


.04 


1 


1 ±0 


05 


1.0 ±0.09 


1 


.1 ± 





2 


0.3 ±0.1 


GB6 J1419+2706 a 


14 


27 


29 


-33 


03 


193 





,9 ±0.03 


1 


.4±0 


.05 


1, 


7±0 


.06 


1.9 ± 0.1 










0.9 ±0.1 


PMN J1427-3306 


14 


27 


53 


-42 


06 


191 


3 


0±0.04 


2 


.7±0 


.06 


2 


5±0 


07 


2.3 ±0.1 


1 


,8± 





2 


-0.3 ±0.07 


PMN J1427-4206 


14 


37 


15 


63 


35 







.7 ± 0.03 





3±0 


.04 





3±0 


.04 


0.7 ±0.08 










-0.3 ±0.3 


GB6 J1436+6336 a 


14 


38 


21 


-22 


06 




1 


,3 ±0.03 


1 


.1 ±0 


.05 


1, 


2±0 


.06 


1.4 ±0.1 










-0.0 ±0.1 


PMN J1438-2204 a 


14 


42 


54 


51 


57 







.9 ±0.03 


1 


1±0 


04 


1 


0±0 


04 


1.0 ±0.08 










0.2 ±0.2 


GB6 J1443+5201 


14 


46 


28 


-16 


22 




1 


1 ± 0.03 


1 


0±0 


.05 


1. 


1 ±0 


.06 


1.0 ±0.1 





9± 





2 


-0.0 ±0.2 


PMN J1445-1628 


14 


54 


18 


-37 


49 




1 


,3 ±0.03 


1 


,2±0 


.05 


1, 


1 ±0 


.06 


1.0 ±0.1 










-0.2 ±0.2 


PMN J1454-3747 


14 


57 


13 


-35 


37 







,6 ±0.03 





.7±0 


.05 


1, 


1 ±0 


.06 


1.3 ±0.1 


1 


4± 





2 


0.7 ±0.2 


PMN J1457-3538 


14 


58 


16 


71 


10 


071 


1 


.2 ± 0.03 





.7±0 


.05 





5±0 


.04 


0.6 ±0.08 





9± 





1 


-0.7±0.2 


GB6 J1459±7140 


15 


03 


02 


-41 


56 




2 


,7 ±0.04 


2 


3±0 


.06 


2 


0±0 


.06 


1.6 ±0.1 


1 


5± 





2 


-0.5 ±0.09 


PMN J1503-4154 


15 


04 


27 


10 


30 


006 


1 


,9 ±0.04 


2 


.0±0 


.05 


1, 


7±0 


.06 


1.2 ± 0.1 


1 


5± 


0. 


2 


-0.2 ±0.1 


GB6 J1504+1029 


15 


06 


54 


-16 


41 




1 


1 ± 0.04 





6±0 


.06 





7±0 


07 


0.8 ± 0.1 


1 


,1± 





2 


-0.4 ±0.2 


PMN J1507-1652 a 


15 


07 


05 


42 


32 







.4 ±0.03 





3±0 


.04 


0. 


7±0 


01 


0.7 ±0.08 










0.8 ±0.3 


GB6 J1506+4239 


15 


10 


37 


-05 


16 







,9 ±0.04 


1 


.0±0 


.05 





9±0 


.06 


0.9 ± 0.1 


1 


0± 





2 


0.0 ±0.2 


PMN J1510-0543 


15 


12 


45 


-09 


05 


207 


2 


1 ± 0.04 


2 


0±0 


.05 


2 


0±0 


.06 


2.1 ± 0.1 


1 


,7± 





2 


-0.1 ±0.09 


Uy 1510-08 


15 


13 


58 


-10 


14 




1 


1 ± 0.04 





9±0 


.06 





7±0 


.06 


0.7 ±0.1 


1 


,1± 





2 


-0.3 ±0.2 


PMN J1513-1012 


15 


16 


12 


00 


15 


002 


1 


,7 ±0.04 


2 


1 ±0 


.05 


2. 


0±0 


06 


2.0 ±0.1 


1 


5± 





2 


0.1 ±0.1 


GB6 J1516+0015 
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Table 18 — Continued 



RA [hms] 


Dec [dm] 


110 


i J yj 


Ka [Jy] 


rt r Ta^i 
^ [ J yj 




w [Jyj 


Q 


O V 1 1 1 / 11J 


"1 E 

10 


1 ft 
ID 


En 


1 
iy 


zo 




0.6 ±0.03 


n e _t_ n 
U.o ± U 


n 1 


0.7 ±0.05 


1.0 ±0.09 




0.4 ±0.2 


GB6 J1516+1932 


15 


"1 7 

1 1 


43 


—24 


21 


205 


2.2 ± 0.04 


2.2 i 


.06 


2.1 ± 0.07 


2.0 ± 0.1 


1.5 ± 0.2 


-0.1 ±0.09 


PMN J1517-2422 


15 


34 


r -1 
51 


01 


26 




0.8 ± 0.03 


0.6 i 


.05 


0.8 ± 0.06 


0.7 ± 0.1 




-0.2 ± 0.2 


GB6 J1534+0131 


i e 
10 


i n 
1U 


r, g 
Oo 


1 1 

11 


1 ft 
lo 




0.9 ± 0.03 


n 7 J_ n 
U. f ± U 


.Uo 


0.6 ± 0.05 


0.7 ±0.09 




-0.5 ± 0.2 


GB6 J1540+1447 


"1 E 

10 


1 o 

iy 



OZ 


n 
\)1 


Qft 
OO 


005 


2.6 ± 0.04 


1. ( ± U 


.UD 


2.5 ± 0.07 


1.9 ± 0.1 


2.2 ± 0.2 


-0.1 ±0.08 


GB6 J1549+0237 


"1 E 


1 o 
iy 


•3 E 
OO 


En 
OU 


Q E 
OO 




0.8 ±0.03 


n e _L n 
U.O ± U 


n 1 
U 1 


0.6 ±0.04 






-0.7 ±0.3 


GB6 J1549+5038 


"1 E 
It) 


En 

OU 


1 


Ui) 


Oft 
ID 


007 


2.8 ±0.04 


a. -U n 
z.o it U 


nc 
uo 


2.2 ±0.07 


1.9 ±0.1 


1.6 ±0.2 


-0.4 ±0.08 


GB6 J1550±0527 


"1 ft 


no 
Uz 


Uo 


OO 


OQ 
-O 




1.1 ± 0.03 


u.y ± u 


n 1 

.U 1 


1.1 ±0.04 


0.7 ±0.08 


1.4 ±0.1 


-0.1 ± 0.1 


GB6 J1602+3326 


"1 ft 

If) 


U 1 


oU 


E7 

f 


"I Q 




0.9 ±0.03 


11 in 
1.1 ± U 


n 1 


1.2 ±0.04 


0.8 ±0.07 


0.9 ±0.1 


0.2 ±0.1 


GB6 J1604+5714 a 


"1 ft 
ID 


Uo 


K E 


1 n 

1U 


■)7 
1 i 


009 


1.7 ±0.04 


1.0 zt U 


.Uo 


1.8 ±0.05 


1.9 ± 0.1 


1.7 ±0.2 


0.1 ±0.1 


GB6 J1608+1029 


l ft 
10 


1 Q 

lo 


1 1 

11 


ol 


1 O 
LI 


023 


3.7 ±0.03 


o.l ± U 


.Uo 


2.9 ±0.05 


2.3 ±0.09 


1.8 ±0.1 


-0.4 ±0.06 


GB6 J1613±3412 


"1 ft 

lo 


"1 7 
1 f 


E 7 
O t 


77 
— it 


l ft 
10 


183 


2.3 ±0.03 


1 _l n 
l.l ± U 


.Uo 


1.9 ±0.05 


1.6 ±0.08 


1.0 ±0.1 


-0.4 ±0.08 


PMN J1617-7717 


"1 ft 
ID 


ZO 


1 1 
11 


— Do 


10 




0.8 ±0.02 


n _|_ n 
u.y it U 


.Uo 


0.6 ±0.05 






-0.2 ± 0.2 


PMN J1624-6809 


l ft 

Id 


on 
OZ 


Kft 

00 


oz 


Q7 


076 


1.5 ± 0.03 


1 T 1 n 
1. f ± U 


n 1 
.U4 


1.5 ±0.06 


1.9 ±0.08 


0.7±0.1 


0.1 ±0.09 


d 


i ft 
lo 


•3 E 


1 ft 
ID 


QO 

00 


U ( 


033 


3.8 ±0.03 


a -U n 

4.Z it U 


Uu 


4.2 ±0.05 


3.8 ± 0.1 


3.4 ±0.2 


0.0 ±0.04 


GB6 J1635±3808 


i ft 
lo 


07 
( 


oU 


1 7 
1 1 


lo 




1.2 ± 0.03 


1 1 n 
1.1 ± U 


n 1 
U4 


1.3 ±0.04 


1.2 ±0.08 




0.1 ±0.1 


GB6 J1637+4717 


"1 ft 

ID 


DCS 


1 e 

10 


E7 
f 


OO 


056 


1.7 ±0.03 


1 t 1 n 
1. f it U 


n 1 

.U4 


1.6 ±0.05 


1.6 ±0.07 


1.5 ±0.1 


-0.1 ±0.08 


GB6 J1638±5720 


i ft 
ID 


I 
1 Z 


ft 
ZO 


Do 


E -I 
Ol 


069 


2.2 ± 0.03 


i) 1 in 
Z.l ± U 


n 1 


2.0 ±0.04 


1.9 ±0.08 


2.0 ±0.1 


-0.1 ±0.06 


GB6 J1642+6856 a 


l ft 
ID 




e q 
00 


oU 


■lo 


035 


7.2 ± 0.03 


ft 7 _L n 
O. / it u 


UO 


6.2 ±0.05 


5.4 ±0.1 


4.6 ±0.2 


-0.3 ±0.03 


GB6 J1642+3948 


l ft 
ID 


-1 O 
Iz 


1 


77 
— it 


1 1 
11 




0.7 ±0.03 


n 7 _L n 
U. i it U 


n 1 
.U4 


0.6 ±0.04 


0.8 ±0.08 


1.2 ±0.1 


0.2 ±0.2 


PMN J1644-7715 


l ft 
ID 


In 


"1 1 
11 


l 1 

•11 


no 

U.J 




0.7 ± 0.03 


n c -L- n 
U.o it U 


n 1 

,U4 


1.1 ±0.04 


0.9 ±0.08 


0.9 ±0.1 


0.5 ±0.2 


GB6 J1648±4104 a 


l ft 

lo 


E "I 


n e 
Uo 


n 1 
U 1 


E ft 

00 


010 


1.5 ± 0.04 


n 7 J_ n 
U. / it U 


nc 
UO 


0.4 ±0.06 


0.7 ±0.1 




-1.5 ± 0.3 


GB6 J1651±0459 


1 ft 
ID 


Ol 


1 


oU 


1 1 
11 


036 


1.3 ± 0.03 


1 1 -L n 
l.z it U 


n 1 

All 


1.1 ±0.04 


0.5 ±0.08 


0.6 ±0.1 


-0.3 ± 0.1 


GB6 J1653±3945 a 


l ft 
ID 


E T 
/ 


IK 


E7 
O 1 


U 1 




0.3 ± 0.02 


n 9 1 n 
U.o it U 


n 1 

,U4 


0.5 ±0.04 


0.8 ±0.07 


0.7 ±0.1 


1.0 ±0.3 


GB6 J1657+5705 


i ft 
lo 


E Q 
• )o 


Ul 


1 7 


1 n 

IV) 




1.3 ± 0.03 


1 e J_ n 
1.0 it U 


n 1 
U4 


0.9 ±0.04 






-0.3 ± 0.2 




i ft 
lo 


OO 


n e 
Uo 


n7 

U ( 


1 

-1Z 


013 


1.8 ± 0.04 


1 _l_ n 
i.y it U 


f\i'< 
uo 


1.8 ±0.07 


1.6 ±0.09 




-0.1 ± 0.1 


GB6 J1658+0741 


1 ft 

It) 


it, g 


En 
OU 


AC 

Uo 


1 ft 
ID 




0.9 ± 0.03 


n <? i n 
U.O it U 


nc 

.UO 


0.6 ±0.05 


0.6 ± 0.1 




-0.6 ± 0.3 


GB6 J1658+0515 


1 ft 
10 


:.)Y) 


En 
OU 


ftQ 
Do 


Oft 
ZD 




0.2 ± 0.02 


n A -I- n 
U.4 it U 


Uo 


0.5 ±0.03 


0.8 ±0.06 


1.3 ±0.1 


1.2 ±0.2 


GB6 J1700±6830 


IV 


01 


31 


39 


57 




0.7 ±0.03 


0.8 ib 


1 


1.0 ±0.05 


0.9 ±0.08 


1.5 ±0.2 


0.4 ±0.1 


GB6 J1701+3954 


IV 


03 


34 


-62 


13 


198 


1.8 ± 0.03 


2.0 ±0. 


.04 


1.9 ± 0.06 


1.9 ± 0.09 


0.7 ± 0.2 


0.0 ± 0.09 


PMN J1703-6212 


IV 


07 


39 


01 


47 




0.8 ± 0.03 


0.7 ±0 


.05 


1.0 ±0.06 


0.6 ± 0.1 




0.1 ±0.2 


GB6 J1707+0148 


IV 


16 


16 


68 


42 




0.6 ± 0.02 


0.7 ±0 


03 


0.4 ±0.03 


0.6 ±0.06 




-0.2 ± 0.2 


GB6 J1716+6836 


IV 


20 


09 


00 


50 




1.2 ± 0.05 


0.7 ±0. 


.06 


0.9 ±0.07 


0.7 ±0.1 


0.7 ±0.2 


-0.6 ± 0.2 


GB6 J1720±0049 


IV 


21 


05 


-65 


00 


196 


2.4 ±0.03 


2.0 ±0 


.05 


1.6 ±0.05 


1.6 ±0.09 


1.0 ±0.1 


-0.5 ±0.09 


PMN J1723-6500 


IV 


2V 


18 


45 


30 


043 


1.1 ± 0.03 


1.0 ±0. 


04 


0.9 ±0.05 


0.9 ±0.08 


1.1 ±0.1 


-0.1 ± 0.1 


GB6 J1727+4530 


IV 


28 


19 


04 


28 




0.2 ± 0.03 


0.4 ±0. 


.05 


0.5 ±0.05 


0.7 ±0.1 




1.4 ±0.5 


GB6 J1728±0426 


IV 


34 


IV 


38 


57 


038 


1.2 ± 0.03 


1.4 ±0. 


.04 


1.2 ±0.05 


1.2 ±0.08 




0.1 ±0.1 


GB6 J1734+3857 


IV 


35 


52 


36 


16 




0.8 ± 0.03 


0.6 ±0 


04 


0.7 ±0.05 


0.4 ±0.1 




-0.3 ± 0.3 


GB6 J1735+3616 


IV 


36 


12 


-79 


34 


186 


1.2 ± 0.03 


1.5 ±0. 


.04 


1.5 ±0.04 


0.9 ±0.08 




0.2 ±0.1 


PMN J1733-7935 


IV 


37 


03 


06 


26 




0.8 ± 0.03 


1.1 ±0. 


.05 


0.8 ±0.05 


0.8 ± 0.1 


0.9 ±0.2 


0.2 ±0.2 


GB6 J1737+0620 a 


17 


37 


23 


-56 


45 




1.4 ±0.03 


1.1 ±0 


.05 


1.1 ±0.06 






-0.4 ±0.2 




IV 


38 


11 


50 


20 




0.9 ± 0.03 


0.4 ± 


.04 


0.4 ±0.05 


0.5 ±0.08 




-0.9 ± 0.3 




IV 


10 


11 


IV 


39 




0.8 ± 0.03 


0.7 ±0. 


.04 


0.8 ±0.04 


0.9 ±0.08 


0.9 ±0.1 


0.1 ±0.2 


GB6 J1739+4738 


IV 


40 


37 


52 


13 


048 


1.3 ± 0.02 


1.2 ±0. 


04 


1.2 ±0.04 


1.2 ±0.07 


1.0 ±0.1 


-0.1 ± 0.1 


GB6 J1740+5211 


IV 


47 


42 


VO 


03 


068 


0.6 ± 0.02 


0.7 ±0 


03 


0.7 ±0.03 


0.8 ±0.05 


0.9 ± 0.08 


0.2 ±0.1 


GB6 J1748+7005 


IV 


51 


36 


09 


37 




4.6 ± 0.04 


4.8 ±0. 


.06 


4.8 ±0.07 


4.5 ± 0.1 


3.7 ±0.2 


-0.0 ±0.04 


GB6 J1751+0938 
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Table 18 — Continued 



RA [hms] 


Dec [dm] 


ID 


K [Jy] 


Ka [Jy] 


Q [Jy] 


V [Jy] 


W [Jy] 


o 


5 GHz ID 


1 1 


CO 
OO 


oU 


08 
Zo 


1 8 

lo 


022 


n n f n 

2.0 ± 0.03 


1.9 ± 0.05 


1.8 ± 0.05 


"i ^7 1 n n o 

1.7 ± 0.08 


1.4 ± 0.1 


n n 1 n n o 

—0.2 ± 0.08 


GB6 J1753±2847 


17 


53 


12 


1 1 
11 


01 




0.5 ± 0.03 


0.6 ± 0.04 


0.9 ± 0.05 




0.6 ± 0.1 


0.7 ± 0.3 


GB6 J1753±4410 a 


17 


59 


01 


66 


33 


064 


n "~7 1 n n "i 

0.7 ± 0.01 


0.5 ± 0.01 


f\ / > i n n o 

0.6 ± 0.03 


0.5 ± 0.05 


n p" 1 n n o 

0.5 ± 0.08 


—0.4 ±0.1 


GB6 J1758±6638 


1 ( 


or) 


00 


QO 
OO 


- o 
oo 




1.0 ± 0.03 


0.6 ± 0.04 


0.6 ± 0.05 


0.5 ± 0.08 




—0.9 ± 0.2 


GB6 J1800±3848 a 


ICS 


nn 
UU 


O 1 


/ o 


7 

Z I 


072 


2.1 ± 0.03 


2.1 ± 0.05 


1.9 ± 0.05 


1.8 ± 0.09 


1.3 ± 0.1 


-0.2 ± 0.08 


Uy 1803±78 


ICS 


Ul 


Q ft 
OO 


11 


AO 

Uo 




1.4 ± 0.03 


1.6 ± 0.05 


1.6 ± 0.05 


1.6 ± 0.08 


0.9 ± 0.1 


0.1 ± 0.1 


GB6 J1801±4404 


lo 


Uo 


Uo 


— DO 


A7 

U 1 


199 


1.2 ± 0.03 


■in 1 n n a 

1.2 ± 0.04 


1.4 ± 0.05 


n 1 n r\ o 

0.7 ± 0.08 


0.9 ± 0.2 


0.0 ±0.1 


FMJN J 1803-6507 


ICS 


n ft 

uo 


1 1 

11 


ft < i 
Do 


1 o 

lo 


067 


1.4 ± 0.02 


1.3 ± 0.03 


1.1 ± 0.04 


0.9 ± 0.05 


1.0 ± 0.08 


—0.4 ± 0.08 


GB6 J1806±6949 


"1 8 

ICS 


n 8 

ucs 


O 1 


/ 


Ul 




a r 1 n /ill 

0.5 ± 0.02 


n / ■ i n n a 

0.6 ± 0.04 


in 1 n n a 

1.0 ± 0.04 


1.1 ± 0.07 




1.0 ± 0.2 


/^i t~) r 1 t "i ono i F'Tnnri, 

GB6 J1808±5709 


ICS 


HQ 

uy 


Ul 


lo 


lo 




0.6 ± 0.03 


n c 1 n n a 

0.6 ± 0.04 


r\ f 1 r-fc n A 

0.5 ± 0.04 


r\ a 1 n n o 

0.4 ± 0.08 




—0.1 ± 0.3 


GB6 J1808±4542 


ICS 


i i 

ii 


00 


Aft 
UO 


■ 1 8 

lo 




0.8 ± 0.03 


0.7 ± 0.05 


0.8 ± 0.05 


0.5 ± 0.1 




—0.2 ± 0.2 


GB6 J1812+0651 


"1 8 

ICS 


1 o 
Iz 


■3 Q 

OO 


r, ir, 
■ )■> 


ol 




n n 1 n /ill 

0.2 ± 0.02 


n n 1 n n a 

0.2 ± 0.04 


n a 1 r\ r\ a 

0.4 ± 0.04 


(\ -7 1 n n o 

0.7 ± 0.08 


0.6 ± 0.1 


1.2 ± 0.3 




ICS 


1 Q 

iy 


01 


— DO 


I 
Z 1 




n t 1 r\ n o 

0.7 ± 0.03 


n n 1 n r\f 

0.2 ± 0.05 


0.5 ± 0.05 






—0.8 ± 0.4 


AJ"IVT TiO"in r'r'm 

FMJN J1819-5521 


ICS 


OA 

ZU 


n 1 
Ul 


czo 
— DO 


1 o 
Iz 


200 


1.6 ± 0.03 


1.4 ± 0.04 


1.5 ± 0.05 


1.6 ± 0.09 


1.5 ± 0.2 


—0.1 ±0.1 


PMN J1819-6345 


ICS 


Z-l 


Uo 


ft 

OU 


1 o 
IV) 


053 


1.5 ± 0.03 


"in 1 n n a 

1.2 ± 0.04 


1.3 ± 0.04 


"i n 1 n /it 

1.0 ± 0.07 


0.9 ± 0.1 


—0.4 ±0.1 


To n T "i a n a i r r* rn 

GB6 J 1824+5650 


ICS 


ZD 


iy 


ft — 
/ 


oo 








0.1 ± 0.03 


0.4 ± 0.04 


0.9 ± 0.08 


2.0 ± 0.5 




1 Q 

ICS 


zy 


Iz 


■1 Q 
15 


40 


046 


on 1 r\ n o 

3.0 ± 0.03 


n n 1 n n 

2.9 ± 0.05 


i \ / > i n n r" 

2.6 ± 0.05 


n 1 in nn 

2.1 ni 0.09 


1.7 ± 0.1 


no 1 n r\n 

—0.3 ± 0.06 


TO r 1 t 1 o n n j a a a a 

GB6 J1829±4844 


lo 


o ■-) 
oZ 


1 G 
1:; 


ft 8 
OO 


1 o 
-IZ 








n a 1 n n o 

0.4 ± 0.03 


n t 1 n r\f 

0.7 ± 0.05 


i \ / ■ in nn 

0.6 ± 0.09 


1.0 ± 0.4 


TO n n o oo i n o a o 

GB6 J 1832+6848 


lo 


O 1 


Q '3 

oo 


— Oo 


■'■ft 

oo 




1.3 ± 0.03 


1.3 ± 0.04 


1.2 ± 0.05 


0.7 ± 0.09 


1.0 ± 0.2 


—0.2 ±0.1 


PMN J1834-5856 


"1 8 
ICS 


DO 


u / 


'30 

oZ 


1 ft. 

lo 




0.9 ± 0.03 


no 1 n n a 

0.8 ± 0.04 


n n 1 r\ nr 

0.6 ± 0.05 


r\ a 1 n n o 

0.4 ± 0.08 


0.7 ± 0.2 


—0.4 ± 0.2 


/~i TO r 1 Tinor" i on^ii 

GB6 J 1835+3241 


"1 Q 
lo 


g»7 
o / 


oo 
zU 


71 

— i 1 


Uo 


192 


n i in no 

2.1 ± 0.03 


2.0 ± 0.05 


1.7 ± 0.05 


1.4 ± 0.06 




n a I n no 

— 0.4 ± 0.08 


TO A TTVT T1 OQ7 71 no 

FMJN Jloo7-71Uo 


"1 8 

ICS 


O Q 

oo 


1 / 


/ 


oo 
zZ 






(\ -7 I n n /I 

0.7 ± 0.04 


n n 1 n n a 

0.9 ± 0.04 


n o 1 n n/" 1 

0.8 ± 0.06 


n r 1 in nn 

0.6 ± 0.09 


0.1 ± 0.3 


to n T "i ooo i r* too 

GB6 J 1838+6722 


"1 8 
ICS 


i n 

1U 


■3 ft 
oo 


/ y 


1 7 
1 / 


073 


1.5 ± 0.03 


1.0 ± 0.04 


0.6 ± 0.04 






— 1.3 ± 0.2 


Uy 1845+79 


1 8 

ICS 


1 o 
Iz 


lo 


ft 8 

oo 


no 
Uo 


066 


1.3 ± 0.02 


1.4 ± 0.04 


1.4 ± 0.03 


1.5 ± 0.05 


0.9 ± 0.09 


0.1 ± 0.07 


GB6 J1842+6809 a 


ICS 


1 Q 

■lo 


Z / 


oZ 


o n 
ZU 




n k 1 n n o 

0.5 ± 0.03 


n n 1 r\ r\ a 

0.2 ± 0.04 


n n 1 n n r" 

0.2 ± 0.05 




0.9 ± 0.2 


0.2 ± 0.3 


TO n T -t o A a i on~in 

GB6 J1848+3219 


"1 8 
ICS 


1 Q 

ly 


oZ 


ft 7 
( 


Uo 


065 


■in 1 n n n 

1.9 ± 0.02 


n "i 1 n n a 

2.1 ± 0.04 


n "i 1 n n o 

2.1 ± 0.03 


n "i in n*~7 

2.1 ± 0.07 




n n 1 n n n 

0.2 ± 0.06 


TO r 1 Ti odA i /■ *7n r" 

GB6 J 1849+6705 


"1 8 
ICS 


OU 


1 1 

11 


Zo 


Zo 


028 


1.6 ± 0.03 


1.3 ± 0.04 


1.3 ± 0.04 


0.8 ± 0.08 




—0.5 ±0.1 


GB6 J1850+2825 


lo 


r.o 

OZ 


o / 


1U 


7 
Z i 




i \ -~ I n n o 

0.5 ± 0.03 


(\ -7 I n n A 

0.7 ± 0.04 


n t 1 n n r" 

0.7 ± 0.05 






0.7 ± 0.3 


/~i TO n T"ior"n i a r\-\ c\ 

GB6 J 1852+4019 


19 


01 


16 


—36 


59 




1.6 ± 0.04 


1.6 ± 0.05 


1 o I n c\c 

1.3 ± 0.06 


1.9 ±0.1 


4.6 ± 0.2 


n pt 1 n no 

0.5 ± 0.08 




19 


02 


19 


31 


54 


034 


1.5 ± 0.03 


"i a 1 n n 

1.4 ± 0.04 


"in 1 n n a 

1.0 ± 0.04 






—0.5 ± 0.2 


/~i TO r 1 T-innn i oir'n 

GB6 J 1902+3159 


19 


11 


07 


-20 


07 




2.4 ± 0.04 


2.6 ± 0.06 


2.7 ±0.07 


2.6 ± 0.1 


2.5 ± 0.2 


0.1 ± 0.07 


PMN J1911-2006 


19 


15 


12 


-80 


04 




1.0 ±0.03 


0.6 ±0.04 


0.5 ±0.05 






-1.0 ± 0.3 


PMN J1912-8010 


19 


23 


30 


-21 


05 


008 


2.3 ±0.04 


2.3 ±0.05 


2.6 ±0.07 


2.5 ± 0.1 


2.0 ±0.2 


0.1 ±0.09 


PMN J1923-2104 


19 


21 


28 


33 


21 




0.6 ±0.03 


0.7 ±0.04 


0.8 ±0.04 


0.8 ±0.08 


0.9 ±0.2 


0.3 ±0.2 


GB6 J1924+3329 


19 


24 


52 


-29 


14 




14.5 ±0.04 


13.7 ±0.07 


12.9 ±0.07 


11.7 ±0.1 


9.5 ±0.2 


-0.2 ±0.02 


PMN J1924-2914 


19 


27 


10 


61 


19 


059 


0.9 ±0.02 


0.8 ±0.04 


0.7 ±0.04 


0.9 ±0.07 




-0.1 ± 0.2 


GB6 J1927+6117 


19 


27 


13 


73 


57 


070 


3.8 ±0.03 


3.7 ±0.04 


3.3 ±0.05 


3.0 ±0.08 


1.6 ±0.1 


-0.2 ±0.04 


GB6 J1927+7357 


19 


37 


05 


-39 


58 




1.0 ±0.03 


1.0 ±0.05 


1.0 ±0.06 


1.2 ± 0.1 




0.0 ±0.2 


PMN J1937-3957 


19 


38 


37 


04 


51 




0.9 ±0.03 


0.7 ±0.05 


0.6 ±0.06 






-0.8 ± 0.3 


GB6 J1938+0448 a 


19 


38 


54 


-63 


41 




0.9 ±0.03 


0.7 ±0.04 


0.7 ±0.05 


0.7 ±0.1 




-0.4 ±0.2 


PMN J1939-6342 a 


19 


39 


17 


-15 


25 




1.1 ±0.03 


1.2 ±0.05 


1.3 ±0.06 


0.8 ± 0.1 




0.1 ±0.2 


PMN J1939-1525 


19 


40 


43 


-69 


19 




1.0 ±0.02 


1.0 ±0.04 


0.7 ±0.04 






-0.4 ±0.2 




19 


41 


52 


-76 


01 




0.2 ±0.03 


0.5 ±0.04 


0.6 ±0.04 


1.0 ±0.08 


1.2 ±0.1 


1.2 ±0.2 


PMN J1942-7555 a 


19 


51 


25 


67 


49 




0.8 ±0.02 


1.2 ±0.04 


1.0 ±0.04 


1.0 ±0.07 




0.4 ±0.1 


GB6 J1951+6743 


19 


52 


18 


02 


34 




0.7 ±0.03 


0.7 ±0.05 


0.5 ±0.06 


0.7 ±0.1 




-0.1 ± 0.3 


GB6 J1952+0230 


19 


55 


10 


51 


39 


051 


1.2 ±0.03 


1.0 ±0.04 


0.9 ±0.04 


0.6 ±0.08 




-0.6 ±0.2 


GB6 J1955+5131 
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Table 18 — Continued 



RA [hms] 


Dec [dm] 




i J yj 


Ka [Jy] 


^ [ J yj 


v l J yJ 


w [Jy] 


(..V 


O V 1 1 IX LU 


1 o 
1U 


■JO 


no 
UZ 


OQ 

— OO 


1 i 
11 


003 


3.1 ± 0.04 


o.Z ± U 


Uu 


2.9 ±0.07 


2.5 ± 0.1 


1.8 ± 0.2 


-0.2 ±0.07 


PMN J1957-3845 


o t~\ 

ZU 


n n 
UU 


oo 


1 1 
— It 


1 o 
1;J 


011 


2.1 ± 0.04 


o n J_ n 
Z.U ± U 


UO 


2.2 ± 0.06 


2.3 ± 0.1 


2.1 ± 0.2 


0.1 ± 0.08 


PMN J2000-1748 


on 
ZU 


uo 


1 o 
1Z 


ft 1 

1 


OK 
Z-) 




0.5 ± 0.02 


n q J_ n 
U.o ± U 


n i 


0.6 ±0.04 


0.3 ±0.07 


0.8 ± 0.1 


0.3 ±0.2 


GB6 J2006±6424 a 


ZU 


UO 


K "1 


77 
( ( 


OO 




0.7 ±0.02 


n i i n 
U. * ± U 


n 1 


0.7 ±0.04 


1.2 ±0.07 


0.8 ± 0.1 


0.5 ±0.1 


Uy 2007±77 


on 
ZU 


U ( 


lo 


ft ft 
00 


"I r, 
10 




0.8 ± 0.02 


n <7 i n 
U. / ± U 


n 1 


0.6 ± 0.04 


0.2 ± 0.08 




-0.6 ± 0.2 


GB6 J2007±6607 


on 
ZU 


no 

uy 


O 1 
Z4 


A Q 

— 4o 


1:J 




1.1 ± 0.03 


n n i n 
u.y ± U 


UO 


0.6 ±0.05 


0.5 ± 0.1 




-0.9 ±0.3 


PMN J2009-4849 


(\ 
ZU 


n q 
{))■) 


c; i 

Ol 


70 
i Z 


oZ 




0.6 ±0.02 


n 1 -U n 
U. / it U 


n 1 


0.9 ±0.04 


0.8 ±0.07 


0.8 ± 0.1 


0.3 ±0.2 


GB6 J2009±7229 


O ( "1 

ZU 


i i 


O O 

zz 


— lo 


1 Q 

lo 


014 


1.9 ±0.04 


i o 1 n 
l.Z ± U 


Uo 


1.0 ±0.06 


0.9 ±0.1 




-1.0 ±0.2 


PMN J2011-1546 


O i'\ 

ZU 


1 ft 
It) 


"1 1 
14 


ft 

DO 


ft 
OU 




0.8 ±0.02 


i n i n 
l.U ± U 


n i 
U4 


0.9 ±0.04 


1.0 ±0.07 




0.2 ±0.2 


GB6 J2015±6554 a 


o n 


00 

zz 


O Q 


ft 1 
Dl 


Qft. 
OU 


063 


1.5 ± 0.03 


1.0 it U 


UO 


1.4 ±0.04 


0.9 ±0.08 


0.6 ± 0.1 


-0.3 ±0.1 


GB6 J2022+6137 


O ( "1 

ZU 


OQ 

Zo 


1 ("1 

iy 


o 1 


Z / 




0.4 ±0.03 


i n I n 
l.U zt U 


n 1 
U4 


1.1 ±0.04 


0.9 ±0.08 


0.7 ±0.1 


0.7 ±0.2 


GB6 J2023±5427 


O i'\ 

ZU 


O 1 

Zl 


o ~, 
Zo 


1 1 
1 i 


11 


031 


1.2 ± 0.03 


i q _l n 

i.o it u 


Uo 


1.2 ±0.05 


1.3 ±0.1 


0.9 ± 0.2 


0.1 ±0.1 


GB6 J2024+1718 


o n 


c 
ZO 


1 1 
11 


— U f 


Qft. 




0.7 ±0.04 


i n -U n 
l.U it U 


Uu 


1.2 ±0.06 


1.3 ±0.1 




0.6 ±0.2 


PMN J2025-0735 


O ( "1 

ZU 


■ ) 1 


i ft 
10 


— Do 


1 ft 

10 


194 


0.7 ±0.03 


n ft i n 
U.o ± U 


n 1 
U4 


1.0 ±0.04 


1.1 ±0.06 


1.0 ±0.1 


0.4±0.1 


PMN J2035-6846 


o n 

ZU 


OO 


1U 


i n 

1U 


OT 




0.5 ± 0.03 


n c -L- n 

U.o ± U 


UO 


0.6 ±0.06 




1.2 ± 0.2 


0.6 ±0.2 


GB6 J2035±1055 


O ( "1 

ZU 


K ft 
OD 


1 o 
1Z 


/I 7 
— 4 f 


I ft 
10 


208 


2.9 ±0.04 


o i in 
o.l ±U 


Uu 


2.9 ±0.07 


2.7 ±0.1 


2.6 ±0.2 


-0.1 ±0.06 


PMN J2056-4714 


O ( "1 

ZU 


01) 


ft 
OD 


Ol 


OO 

ZZ 




2.7 ±0.03 








0.6 ±0.09 




-1.5 ±0.3 




I 
Z 1 


n i 


Ol 


Uo 


■11 




1.3 ±0.03 


1.1 it U 


UO 


0.7 ±0.06 


1.1 ± 0.1 


1.1 ± 0.2 


-0.4 ±0.2 


GB6 J2101±0341 


O 1 

Zl 


n o 
UZ 


r.ft 
0D 


70 

— / o 


Q "1 
Ol 




0.6 ±0.03 


n a i n 
U.4 it U 


n i 
U4 


0.7 ±0.05 






0.4 ±0.3 


PMN J2105-7825 a 


1 
Z 1 


U 1 


Z i 


o^ 
— Zo 


OO 

zz 




0.9 ±0.03 


n q J_ n 

u.y ± u 




0.6 ±0.06 


0.6 ±0.1 




-0.4 ±0.3 


PMN J2107-2526 


1 
Z 1 


n q 


ol 


A 1 
— 41 


1 1 

1 1 


001 


1.5 ± 0.03 


i a -L- n 

1.4 it U 


UO 


1.1 ±0.06 


1.2 ± 0.1 


1.8 ±0.2 


-0.2 ±0.1 


PMN J2109-4110 


O 1 
Zl 


uy 


1 o 
1Z 


Q K 
OO 


-1 i 


049 


0.6 ±0.03 


n 7 i n 
U. ( ±U 


n i 
U4 


0.6 ±0.04 


0.7 ±0.07 




0.1 ±0.2 


GB6 J2109±3532 a 


1 
Z 1 


1 
Z 1 


n n 

UU 


en 
— oU 


1 1 
11 




0.1 ± 0.03 


n q -U n 
U.o it U 


n 1 

Ul 


0.5 ±0.05 


0.7 ±0.1 




1.6±0.6 




O 1 
Zl 


Zo 


1 o 
1Z 


UO 


Qft 
OU 


027 


1.9 ±0.04 


i a -L n 
1.4 it U 


Uo 


1.1 ±0.06 


0.9 ±0.1 


0.6 ±0.2 


-0.9 ±0.1 


GB6 J2123±0535 


O 1 
Zl 


O 1 

Zl 


lo 


or. 
ZO 


lo 




0.8 ±0.03 


n ft i n 
U.O it U 


Uo 


0.6 ±0.06 


0.3 ±0.1 


1.3 ±0.2 


-0.0 ±0.2 




1 
Z 1 


■-! 1 
-)1 


oo 


T O 
— 1Z 


nft 
Uu 


017 


2.7 ±0.04 


n k _|_ n 
Z.O it u 


U ( 


2.5 ±0.07 


2.3 ±0.1 


1.6 ± 0.2 


-0.2 ±0.08 


PMN J2131-1207 


O 1 
Zl 


■11 


U i 


ni 
— Ul 


OO 


020 


2.3 ±0.04 


o 1 in 
z. 1 it U 


Uu 


1.7 ±0.06 


1.8 ±0.1 


1.9 ± 0.2 


-0.3 ±0.09 


PMN J2134-0153 


1 
Z 1 


*3 ft 


O / 


nn 

UU 


1 "1 
11 


025 


4.9 ±0.04 


q 1 -L- n 
o. i ±U 


U < 


3.0 ±0.07 


1.8 ±0.1 


1.5 ± 0.2 


-0.9 ±0.07 


GB6 J2136±0041 


21 


39 


17 


11 


25 


Oil 


2.5 ± 0.04 


2.4 ib 


06 


2.0 ±0.07 


1.4 ±0.1 


1.3 ± 0.2 


-0.4 ±0.1 


GB6 J2139±1423 


21 


13 


25 


17 


13 


044 


1.2 ± 0.03 


1.6 ±0 


05 


0.9 ± 0.05 


1.2 ± 0.1 


0.9 ± 0.2 


-0.0 ± 0.1 


GB6 J2143+1743 a 


21 


47 


29 


-75 


40 




1.0 ±0.03 


0.8 ±0 


04 


0.9 ±0.05 


0.5 ±0.08 




-0.4 ±0.2 


PMN J2147-7536 a 


21 


47 


52 


-77 


59 


184 


1.8 ± 0.03 


1.7 ±0 


04 


1.4 ±0.05 


0.8 ±0.08 




-0.5 ±0.1 


PMN J2146-7755 


21 


18 


05 


06 


57 


037 


7.3 ± 0.04 


6.9 ±0 


06 


6.7 ±0.07 


6.2 ± 0.1 


5.0 ±0.2 


-0.2 ±0.03 


GB6 J2148±0657 


21 


51 


50 


-30 


27 




1.2 ± 0.03 


1.1 ±0 


05 


1.3 ±0.06 


1.4 ±0.1 


1.5 ± 0.2 


0.2 ±0.1 


PMN J2151-3028 


21 


57 


06 


-69 


42 


100 


3.9 ± 0.03 


3.1 ±0 


05 


2.8 ±0.05 


2.2 ±0.08 




-0.6 ±0.06 


PMN J2157-6941 


21 


58 


05 


-15 


02 


018 


1.9 ±0.04 


1.8 ±0 


07 


1.8 ±0.06 


1.3 ± 0.1 




-0.2 ±0.1 


PMN J2158-1501 


22 


02 


51 


42 


17 


058 


3.8 ±0.03 


4.0 ±0 


05 


3.9 ±0.05 


3.5 ± 0.1 




-0.0 ±0.05 


GB6 J2202+4216 


22 


03 


20 


31 


16 


054 


2.8 ±0.03 


2.4 ±0 


05 


2.2 ±0.06 


1.7 ±0.09 


1.4 ±0.2 


-0.4 ±0.08 


GB6 J2203±3145 


22 


03 


23 


17 


23 


045 


1.4 ±0.03 


1.6 ±0 


05 


1.5 ±0.05 


1.2 ± 0.1 




0.1 ±0.1 


GB6 J2203±1725 


22 


06 


12 


-18 


38 


016 


2.0 ±0.04 


1.6 ±0 


05 


1.4 ±0.06 


1.0 ±0.1 




-0.6 ±0.1 


PMN J2206-1835 


22 


07 


07 


-53 


18 




1.0 ±0.03 


0.8 ±0 


04 


0.7 ±0.05 


0.3 ±0.09 




-0.6 ±0.2 


PMN J2207-5346 


22 


11 


12 


23 


53 


050 


1.1 ± 0.03 


1.6 ±0 


05 


1.7 ±0.05 


1.5 ±0.09 


1.2 ± 0.2 


0.4 ±0.1 


GB6 J2212+2355 


22 


12 


13 


-25 


27 




0.8 ±0.03 


0.8 ±0 


05 


0.5 ±0.06 


1.1 ± 0.1 




0.1 ±0.2 


PMN J2213-2529 a 


22 


18 


50 


-03 


35 


030 


2.0 ±0.04 


1.3 ±0 


05 


1.4 ±0.06 


1.3 ±0.1 




-0.6 ±0.1 


PMN J2218-0335 


22 


25 


36 


21 


19 




1.1 ± 0.03 


1.3 ±0 


05 


1.3 ±0.06 


0.9 ±0.09 


1.2 ± 0.2 


0.1 ±0.1 


GB6 J2225±2118 


22 


25 


16 


-04 


55 


029 


6.4 ±0.04 


5.8 ±0 


06 


5.2 ±0.07 


4.4 ±0.1 


3.3 ±0.2 


-0.4 ±0.04 


PMN J2225-0457 
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Table 18 — Continued 



RA [hms] 


Dec [dm] 


ID 


K [Jy] 


Ka [Jy] 


Q [Jy] 


V [Jy] 


W [Jy] 


a 


5 GHz ID 


22 


29 


12 


-08 


33 


024 


2.2 ± 0.04 


2.6 ±0.06 


2.6 ± 0.07 


3.1 ±0.1 


2.5 ±0.2 


0.2 ±0.08 


PMN J2229-0832 


22 


29 


19 


-20 


50 




0.9 ±0.03 


0.8 ±0.05 


0.8 ± 0.06 


1.0 ±0.1 


1.0 ±0.2 


-0.1 ±0.2 


PMN J2229-2049 


22 


31 


02 


-39 


38 




0.9 ±0.03 


1.2 ±0.05 


0.8 ±0.05 


1.1 ±0.1 


0.7 ± 0.2 


0.1 ±0.2 


PMN J2230-3942 


22 


32 


37 


11 


11 


047 


3.8 ±0.04 


4.2 ±0.06 


4.3 ± 0.07 


4.4 ±0.1 


4.9 ±0.2 


0.2 ±0.05 


GB6 J2232+1143 


22 


35 


09 


-48 


31 


206 


2.0 ±0.03 


2.0 ±0.05 


1.9 ±0.06 


1.7 ±0.09 


1.7 ± 0.2 


-0.1 ±0.08 


PMN J2235-4835 


22 


36 


21 


28 


25 


057 


1.1 ± 0.03 


1.5 ±0.05 


1.4 ±0.06 


1.5 ±0.1 




0.4 ±0.1 


GB6 J2236±2828 


22 


39 


30 


-57 


01 


201 


1.5 ± 0.03 


1.6 ±0.04 


1.5 ± 0.05 


1.3 ±0.08 


1.5 ±0.1 


-0.0 ±0.09 


PMN J2239-5701 


22 


12 


34 


-64 


08 




0.5 ± 0.03 


0.8 ±0.04 


0.6 ± 0.04 


0.7 ±0.07 


1.3 ±0.1 


0.5 ±0.2 




22 


43 


13 


-25 


48 




0.7 ± 0.03 


0.9 ±0.05 


0.7 ±0.06 


1.0 ±0.1 


1.0 ±0.2 


0.3 ±0.2 


PMN J2243-2544 


22 


15 


31 


-56 


15 




0.3 ±0.02 


0.2 ±0.04 








-1.4 ±2 


PMN J2246-5607 


22 


16 


11 


-12 


07 


021 


2.1 ± 0.04 


1.3 ±0.05 


1.2 ± 0.06 


1.3 ±0.1 


1.2 ±0.2 


-0.8 ±0.1 


PMN J2246-1206 


22 


47 


35 


-37 


01 




0.3 ± 0.03 


0.4 ±0.05 


0.8 ± 0.05 


0.9 ±0.1 


0.8 ±0.2 


1.1 ±0.3 


PMN J2247-3657 


22 


53 


49 


13 


39 




0.6 ± 0.05 


0.1 ±0.08 


0.2 ± 0.06 


0.5 ±0.1 


1.7 ± 0.2 


0.7 ±0.2 


GB6 J2254+1341 a 


22 


53 


59 


16 


08 


055 


9.8 ± 0.04 


10.6 ±0.06 


11.1 ±0.07 


12.3 ±0.1 


12.2 ± 0.2 


0.2 ±0.02 


GB6 J2253±1608 


22 


55 


43 


42 


01 




1.0 ±0.02 


0.6 ±0.04 


0.7 ±0.05 


0.3 ±0.09 




-0.9 ±0.2 


GB6 J2255±4202 


22 


56 


32 


-20 


12 


019 


0.9 ± 0.03 


0.8 ±0.05 


0.9 ± 0.06 


0.5 ±0.1 




-0.2 ±0.2 


PMN J2256-2011 


22 


58 


05 


-27 


56 


012 


4.6 ± 0.04 


4.7 ±0.06 


4.4 ±0.07 


3.9 ±0.1 


3.2 ±0.2 


-0.1 ±0.05 


PMN J2258-2758 


23 


02 


16 


-68 


09 




0.7 ±0.03 


0.4 ±0.04 


0.3 ± 0.04 






-1.4 ±0.5 


PMN J2303-6807 a 


23 


11 


33 


34 


28 




0.7 ±0.03 


0.6 ±0.05 


0.7 ±0.06 


0.6 ±0.09 




-0.2 ±0.3 


GB6 J2311±3425 


23 


15 


01 


-31 


36 




1.1 ± 0.03 


1.0 ±0.05 


0.9 ± 0.06 


0.7±0.1 




-0.4 ±0.2 


PMN J2314-3138 


23 


15 


56 


-50 


19 


204 


1.4 ±0.03 


1.3 ±0.04 


1.1 ± 0.05 


0.6 ±0.08 




-0.4 ±0.1 


PMN J2315-5018 


23 


21 


34 


27 


33 




0.6 ± 0.03 


0.4 ±0.05 


0.5 ± 0.06 


0.7±0.1 




-0.2 ±0.3 


GB6 J2322+2732 


23 


22 


25 


11 


48 




1.2 ± 0.02 


1.3 ±0.04 


1.0 ±0.05 


0.6 ±0.08 


0.7 ± 0.2 


-0.2 ±0.1 


GB6 J2322+4445 a 


23 


22 


51 


51 


06 




1.0 ±0.03 


0.8 ±0.04 


0.7 ±0.04 


0.9 ±0.08 




-0.3 ±0.2 


GB6 J2322+5057 a 


23 


27 


37 


09 


38 




1.0 ±0.03 


0.8 ±0.05 


0.8 ± 0.06 


1.3 ±0.1 




0.1 ±0.2 


GB6 J2327±0940 a 


23 


29 


06 


-47 


32 




1.6 ± 0.03 


1.0 ±0.04 


1.1 ± 0.05 


0.8 ±0.09 


1.2 ±0.1 


-0.5 ±0.1 


PMN J2329-4730 


23 


30 


10 


10 


57 




1.0 ±0.03 


1.2 ±0.05 


1.2 ± 0.06 


1.1 ±0.1 




0.2 ±0.2 


GB6 J2330±1100 


23 


31 


21 


-16 


00 


032 


0.8 ± 0.03 


0.6 ±0.05 


0.4 ±0.06 


1.0 ±0.1 




-0.1 ±0.2 


PMN J2331-1556 


23 


33 


44 


-23 


39 




1.1 ± 0.03 


1.0 ± 0.05 


1.0 ± 0.06 


1.1 ± 0.1 




-0.0 ± 0.2 


PMN J2333-2343 a 


23 


34 


11 


07 


35 




1.1 ± 0.03 


1.3 ±0.05 


1.2 ± 0.06 


1.5 ±0.1 




0.3 ±0.2 


GB6 J2334+0736 


23 


35 


01 


-01 


28 




0.6 ± 0.03 


0.6 ±0.05 


0.8 ± 0.06 


0.6 ±0.1 


1.0 ±0.2 


0.3 ±0.2 


PMN J2335-0131 


23 


35 


27 


-52 


44 


195 


1.4 ±0.03 


1.0 ±0.03 


0.7 ±0.04 


0.5 ±0.08 




-1.0 ±0.2 


PMN J2336-5236 a 


23 


15 


34 


-16 


00 




1.7 ±0.04 


1.3 ±0.05 


1.5 ± 0.06 


1.8 ±0.1 




-0.1±0.1 


PMN J2345-1555 


23 


16 


51 


09 


30 




1.3 ± 0.03 


1.3 ±0.05 


0.8 ± 0.06 






-0.4 ±0.2 


GB6 J2346±0930 a 


23 


48 


01 


-49 


33 




0.7 ±0.02 


0.9 ±0.04 


1.1 ± 0.05 


1.0 ±0.09 




0.5 ±0.2 




23 


18 


12 


-16 


30 


039 


1.9 ± 0.04 


1.9 ±0.05 


2.1 ± 0.07 


2.2 ±0.1 


1.2 ±0.2 


0.1 ±0.09 


PMN J2348-1631 


23 


54 


22 


15 


50 


074 


1.2 ± 0.03 


1.0 ±0.04 


1.2 ± 0.05 


1.0 ±0.09 


0.9 ±0.2 


-0.2±0.1 


GB6 J2354+4553 


23 


55 


34 


81 


53 




1.1 ± 0.03 


0.7 ±0.04 


0.7 ±0.05 


0.8 ±0.08 




-0.5 ±0.2 


NVSS J2356±8152 


23 


56 


01 


19 


53 


075 


1.1 ± 0.02 


1.1 ±0.04 


0.9 ± 0.05 


0.3 ±0.08 




-0.2 ±0.2 


GB6 J2355±4950 


23 


57 


50 


-53 


11 


189 


1.7 ±0.03 


1.4 ±0.05 


1.3 ± 0.04 


1.4 ±0.07 


1.2 ±0.1 


-0.3 ±0.09 


PMN J2357-5311 


23 


58 


07 


-10 


15 




1.5 ± 0.03 


1.8 ±0.05 


1.6 ± 0.06 


1.1 ±0.1 


1.4± 0.2 


0.1 ±0.1 


PMN J2358-1020 


23 


58 


49 


-60 


50 


187 


2.0 ±0.03 


1.6 ±0.04 


1.5 ± 0.04 


1.5 ±0.08 




-0.4 ±0.09 


PMN J2358-6054 



a Indicates the source has multiple possible identifications. 

b Sourcc J0322-3711 (Fornax A) is extended, and the fluxes listed were obtained by aperture photometry. 

c Source J1356±7644 is outside of the declination range of the GB6 and PMN catalogs. It was identified as QSO NVSSJ135755±764320 by 
Trushkin (2006, private communication). 
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d Source J1632+8227 is outside of the declination range of the GB6 and PMN catalogs. It was identified as NGC 6251 by iTmshkir] <2003h . 
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WMAP Nine- Year CMB-free QVW Point Source Catalog 
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Table 19. WMAP Nine- Year CMB-free QVW Point Source Catalog 



RA [hms] 


Dec [dm] 


ID 


Q [Jy] 




V [Jy] 




W [Jy] 


5 GHz ID 


00 


04 


29 


-47 


35 




a a i a 

0.4 ± 0, 


1 


A C 1 A 

0.5 ± 


,2 


API AO 

—0.3 ± 0.3 


T~)T\ T AT TAAA/1 /I 70/ 1 

PM1N J0004-47OO 


00 


06 


14 


-06 


25 


060 


2.0 ± 0. 


2 


1.7 ± 


,2 


0.7 ± 0.4 


■ i -\ /ttvt TAAAP APAO 

PMN J 0006-0623 


00 


10 


29 


10 


59 




1.0 ± 0. 


2 


1.2 ± 


,2 


0.8 ± 0.3 


GB6 J0010±1058 


00 


13 


23 


40 


55 




A P 1 A 

O.o ± 


2 


A C 1 A 

0.5 ± 


,2 


A A 1 AO 

0.9 ± O.o 


/"I T~> p TAA1 O i /I Arl 

GBo JOOlo+4051 


00 


19 


41 


25 


58 




A P 1 A 

O.o ± 


2 


APIA 

O.o ± 


. 2 


A A _l_ A O 

0.4 ± O.o 


/"•OP TAA1 A i OPAO 

brio J0019+2o02 


00 


20 


07 


-35 


12 




1 O I A 

1.3 ± 


2 


A P 1 A 

0.6 ± 


.2 


A P 1 AO 

0.6 ± 0.3 


T~)~l\ TAT TAAAP OCIO 

PMIN J002o-o512 


00 


29 


44 


05 


54 




A O 1 A 

0.8 ± 


2 


A /I 1 A 

0.4 ± 


.2 


A A 1 AO 

0.9 ± 0.3 


/'in TAAAA i A ET CT A T~) 

GB6 J0029+0554B 


00 


38 


13 


-02 


05 




A P 1 A 

0.6 ± 


2 


A A 1 A 

0.4 ± 


,2 


A i"7 1 AO 

0.7 ± 0.3 


T"»T\ TAT TAAOO HOA7 

PMIN JOOoo-0207 


00 


38 


20 


-24 


59 




A P 1 A 

0.6 ± 


2 


1 A 1 A 

1.0 ± 


.2 


AO 1 AO 

0.8 ± 0.3 


r)i\ tat TAAOO O/ICA 

F1Y11N J00o8-2459 


00 


42 


40 


52 


09 




A FT 1 A 

0.5 ± 


2 


A O 1 A 

0.2 ± 


.2 


A TZ. 1 A O 

—0.5 ± 0.3 


/'I | ) TAA/IO i FTOAO 

GB6 J0043+5203 


00 


47 


29 


-25 


16 


APO 

062 


A A 1 A 

0.9 ± 


2 


A T 1 A 

0.7 ± 


.2 


AO 1 AO 

0.8 ± 0.3 


T~)"I\ /TAT T AA yl T OCT? 

PM1N J0047-2517 


00 


47 


44 


-73 


10 




1 A I A 

1.0 ± 


2 


A A 1 A 

0.9 ± 


.2 


AC 1 A O 

0.5 ± 0.3 


r)l\ TAT TAA/17 70AO 

FMJN JUU47-7o0o 


00 


48 


59 


31 


55 




A FT 1 A 

U.5 ± 0, 


2 


A C 1 A 

0.5 ± 


.2 


AC 1 A O 

0.5 ± O.o 


/■l I ) TAA/IO i 01 C T 

GBo J0048+ol57 


00 


49 


08 


-57 


36 


1 i\) 


1 A 1 A 

1.0 ± o 


2 


o.y ± u 


.2 


A C _|_ A O 

0.5 ± O.o 


T~)l\ TAT TAACA C700 

rlvllN JUU5U-5^oo 


00 


50 


57 


-09 


33 


077 


A P 1 A 

U.o ± 


2 


0.7 ± 


.2 


n 12 1 A o 

O.o ± O.o 


T~)l\ TAT TAACA AAOO 

FMrs JUU5U-Uy2c 


00 


51 


15 


-06 


48 




A A 1 A 

0.9 ± 


2 


1.1 ± 


.2 


AO 1 A O 

0.8 ± 0.3 


r»H TAT TAAFT1 APFTA 

rlvllN JUU51-0o5U 


00 


51 


40 


70 


48 




0.4 ± 


2 


0.0 ± 


.2 


—0.2 ± 0.3 




00 


57 


43 


30 


25 




A O 1 A 

0.8 ± 0, 


2 


A C 1 A 

0.5 ± 


2 


A O 1 A O 

0.2 ± O.o 


/^T~>P TAAFTT i PAA1 

(j_B6 J0057+3021 


00 


58 


50 


00 


04 




A FT 1 A 

0.5 ± U, 


2 


APIA 

O.o ± 


2 


A 1 1 A O 

0.1 ± O.o 


1 T,. AACP AA 

IJy UU50-UU 


00 


59 


15 


-56 


56 




A T 1 A 

0.7 ± 


2 


APIA 

0.6 ± 


.2 


A FT 1 A O 

0.5 ± 0.3 


T)T\ TAT TAAFTO FTPFTA 

FMJN J 0058-5559 


01 


00 


31 


-72 


09 




1.0 ± 


2 


0.8 ± 


2 


0.3 ± 0.3 


T~l~\ TAT TAATA TO 1 A 

PMN J0059-7210 


01 


06 


48 


-40 


33 


171 


2.1 ± 


1 


1.9 ± 


.2 


1.2 ± 0.3 


Til\ TAT TA1A/ 1 /1AP/1 

PMN J0106-4034 


01 


08 


24 


01 


34 


AO 1 

081 


1 FT 1 A 

1.5 ± 


2 


1 1 1 A 

1.1 ± 


2 


AO 1 A O 

0.8 ± 0.3 


/^T~>P TA1AO i A1PFT 

G136 J0108+0135 


01 


08 


39 


13 


20 


079 


A T 1 A 

0.7 ± 


2 


APIA 

0.6 ± 


2 


A 1 1 A O 

0.1 ± 0.3 


/^T~>P TA1AO i 1P1A 

(jtib J0108±1319 


01 


11 


45 


22 


53 




0.6 ± 0, 


2 


0.0 ±0 


.2 


0.2 ± 0.3 


GB6 J0112+2244 


01 


12 


10 


35 


21 




0.8 ±0. 


2 


0.4 ±0 


.2 


0.3 ±0.3 


GB6 J0112+3522 


01 


13 


00 


49 


47 




0.4 ±0, 


2 


0.5 ±0 


.2 


0.2 ±0.3 


GB6 J0113+4948 


01 


16 


22 


-11 


36 




1.1±0. 


2 


0.9 ±0 


.2 


0.4 ±0.3 


PMN J0116-1136 


01 


18 


54 


-21 


37 




0.5 ±0. 


2 


0.4 ±0 


.2 


0.3 ±0.3 


PMN J0118-2141 


01 


22 


00 


11 


53 




1.4±0, 


2 


0.5 ±0 


.2 


0.3 ±0.3 


GB6 J0121+1149 


01 


25 


29 


-00 


09 


086 


0.9 ±0, 


2 


0.7±0 


.2 


0.2 ±0.3 


PMN J0125-0005 


01 


27 


44 


49 


04 




0.6 ±0, 


3 


0.4 ±0 


.3 


0.3 ±0.3 


GB6 J0128+4901 


01 


32 


4G 


-16 


57 


097 


1.5 ±0, 


2 


1.4 ±0 


.2 


0.9 ±0.3 


PMN J0132-1654 


01 


34 


09 


-38 


41 




0.6 ±0, 


2 


0.6 ±0 


.2 


0.7 ±0.3 


PMN J0134-3843 


01 


3G 


59 


47 


53 


080 


3.1 ±0, 


2 


3.1 ±0 


.2 


1.9 ±0.3 


GB6 J0136+4751 


01 


37 


33 


-24 


30 




1.5 ±0. 


2 


1.3 ±0 


.2 


1.2 ±0.3 


PMN J0137-2430 


01 


37 


48 


33 


07 




0.5 ±0, 


2 


0.1 ±0 


.2 


0.3 ±0.3 


GB6 J0137+3309 
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RA [hms] 


Dec [dm] 


ID 


Q [Jy] 




V [Jy] 




W [Jy] 


5 GHz ID 


01 


41 


30 


-09 


28 







,5±0 


9 


0.6 ±0.2 


n 9-Ln 5 

U.Z it U.o 


PMW Tfll/11 P1Q98 
.rlvllN J U141-Uy Zo 


01 


49 


06 


53 


50 







,4±0 


9 
Z 


-0.1 ±0.2 


— U.O it U.o 




01 


■52 


37 


22 


06 




1 


1±0 


9 
Z 


1.0 ±0 


.2 


U.O it U.o 


pofl Tm ^94_99nfi 
Vi 130 JUlOZ^hZZUO 


01 


55 


07 


47 


37 







,4± 


9 
. Z 


0.3 ±0 


.2 


U.Z it U.o 


PRfi TD1 ^/14_/I7/I3 
OdO JU104-(-4r4o 


02 


04 


57 


15 


16 


uyz 


1 


,0± 


9 

,Z 


0.8 ±0 


.2 


U.4 it U.o 


O-DO JUZU4-|-1014 


02 


04 


59 


-17 


03 







,9±0 


9 
Z 


0.7 ±0 


.2 


n qj-(i q 
U.o it U.o 


rlVllN JUZU4-1IU1 


02 


05 


13 


32 


09 


UoO 


1 


,6±0 


9 
z 


0.9 ±0 


.2 


U.9 it u.o 


pn^ Tn9nc;j_Q919 
O-D0 JUzUO-hOZlz 


02 


10 


4G 


-51 


01 


loo 


2 


,5±0 


1 

. 1 


2.4 ±0 


.2 


1. 1 ± u.o 


rlvllN JUZ1U-01U1 


02 


18 


02 


01 


38 


uyo 





,4±0 


9 
. z 


0.7 ±0 


.2 


n i xn q 
U.l It u.o 


r'p.fi Tn9i74_ni44 

O-DO JUZ1 i tUIII 


02 


21 


18 


35 


49 







,8±0 


9 
Z 


0.5 ±0 


,2 


U.4 it U.O 


ODD JUZZl-hoOOO 


02 


22 


4G 


-34 


43 


1 37 
lo 1 





,5±0 


1 

. 1 


0.6 ±0 


.2 


U.l it U.o 


P1\/T1\T T0999 3/1/11 
rlVllN JUZZZ-0441 


02 


23 


19 


42 


59 


ns/i 

Uo4 


1 


.2 ± 


9 
Z 


0.4 ±0 


,2 


U.O it U.o 


pDfi Tn99'?4_/I9I : ;Q 
O-DO JUZZO^r4ZOy 


02 


29 


19 


-78 


37 







,3±0 


1 
1 


0.1 ±0 


.2 


n oxn q 
U.Z it U.o 


P1\/T1\T T099Q 78/17 
rlVllN JUZZy-((54( 


02 


31 


37 


13 


29 







,8±0 


9 
Z 


0.7 ±0 


.2 


n qxri q 
U.o it U.o 


PRfi T0931 4-1 QOQ 
OL)0 JUZOl-f-lOZO 


02 


37 


48 


28 


48 




2 


,6±0 


9 
Z 


2.4 ±0 


.2 


Z.U it u.o 


pee 709374-98/18 
O-DO JUZo/-|-Zo4o 


02 


38 


40 


16 


34 




1 


,5±0 


9 
z 


1.6 ±0 


.2 


1 A 4- n Q 
1.4 ± U.o 


pne 7n938j_1fi.37 
ODD JUZOO+IOOI 


02 


41 


06 


-08 


15 







,6±0 


9 
z 


0.5 ±0 


.2 


n i 4- n q 
— U. 1 ± u.o 


rlvllN JUZ41-UolO 


02 


42 


33 


11 


05 







,8±0 


9 
.Z 


0.7 ±0 


.2 


n o 4- n q 
u.y ± u.o 


O-D0 JUz4z-t-llUl 


02 


53 


22 


-54 


41 


100 


1 


,9±0 


1 
1 


1.9 ±0 


.2 


1 jxn q 

1.4 It U.O 


Pl\/Tl\T Tn9£3 £AA1 
.T1V11N JUZOO-0441 


02 


59 


25 


-00 


16 







,7±0 


9 
Z 


0.4 ±0 


,2 


n i xn q 
U.l it U.o 


pi\/ti\t 1(19^0 nn9n 
riviiN juzoy-uuzu 


03 


03 


45 


47 


17 







,7±0 


9 
z 


0.4 ±0 


.2 


n & 4- n q 
u.o ± u.o 


pne 7173173 J_/1 71 fi. 
ODD JUoUo+4(10 


03 


03 


51 


-62 


10 


lOz 


1 


,3±0 


9 
z 


1.3 ±0 


.2 


n £ 4- n q 
u.o ± u.o 


P1\/T1\T 7fl3fl3 £.91 1 
rlvllN JUoUo-OZll 


03 


04 


52 


33 


50 







,5±0 


9 
z 


0.3 ±0 


.2 


noxnq 
U.z it U.o 


pne TnQH/1 i QQ/1 8 
OHO JUoU4+oo4o 


03 


08 


33 


04 


06 


1 no 

1UZ 





,9±0 


9 
. Z 


0.9 ±0 


.2 


n 7xn q 
U. / it U.o 


ODD JUoUoi-U4UO 


03 


09 


14 


10 


25 




1 


,0±0 


2 


1.0 ±0 


,2 


0.3 ± 0.3 


GB6 J0309±1029 


03 


09 


33 


-60 


55 


160 





,5±0 


.2 


0.5 ±0 


.2 


0.4 ±0.3 


PMN J0309-6058 


03 


12 


45 


41 


22 







,8±0 


.7 


0.5 ±0 


.5 


0.4 ±0.4 


GB6 J0313+4120 


03 


14 


05 


-76 


55 


174 





,8±0 


.1 


0.5 ±0 


,2 


0.7 ±0.3 


PMN J0311-7651 


03 


19 


48 


41 


31 


094 


8 


,7±0 


.2 


7.0 ±0 


.2 


5.1 ±0.3 


GB6 J0319+4130 


03 


22 


08 


-37 


12 


138 


2 


,3±0 


.1 


1.2 ±0 


,2 


0.3 ±0.3 


PMN J0321-3711 


03 


25 


33 


22 


23 







,9±0 


.2 


0.7 ±0 


.2 


0.5 ±0.4 


GB6 J0325+2223 


03 


29 


55 


-23 


54 


123 





,9±0 


.1 


0.9 ±0 


,2 


0.6 ±0.3 


PMN J0329-2357 


03 


34 


20 


-40 


08 


146 


1 


,6±0 


.2 


1.6 ±0 


.2 


1.1 ±0.3 


PMN J0334-4008 


03 


36 


48 


-13 


06 







,5±0 


.2 


0.3 ±0 


.2 


-0.0 ±0.3 


PMN J0336-1302 


03 


39 


21 


-01 


45 


106 


1 


,9±0 


.2 


1.7 ±0 


.2 


1.8 ±0.3 


PMN J0339-0146 


03 


40 


23 


-21 


22 







,8±0 


.2 


1.0 ±0 


.2 


0.6 ±0.3 


PMN J0340-2119 


03 


48 


27 


-16 


09 







,7±0 


.2 


0.6 ±0 


,2 


0.9 ±0.3 


PMN J0348-1610 
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RA [hms] 


Dec [dm] 


ID 


Q [Jy] 




V [Jy] 


W [Jy] 


5 GHz ID 


03 


48 


53 


-27 


54 


1 9Q 

izy 





,6± 


. 1 


7-1-09 
U. t it U.Z 


0/14-03 
U.4 it U.o 


PA/TW T03/I8 97/1 Q 
.rlvllN JUo4o-Z(4y 


03 


51 


15 


-11 


57 







,4±0 


9 


u.z it u.z 


3 4-03 
U.o it U.o 


PA/T1YT T03r;i 1 1 CO 
rlvllN JUoOl-llOO 


03 


59 


07 


10 


23 







,6±0 


9 
. Z 


U.o it u.z 


4-0/1 
U.U it U.4 


PRfi T03^84_109fi 
vjr-DD JUoOo-t-lUZO 


04 


02 


51 


-01 


43 







.2 ± 


9 
. Z 


n a 4- o 9 

— U.4 It U.Z 


8 4- O A 
— U.o it U.4 




04 


02 


56 


26 


03 







,5±0 


9 

. Z 


fi 4- 9 
U.O It U.Z 


9 4- 4 
— U.Z It U.4 


PRfi T0/L034-9fi00 


04 


03 


49 


-36 


02 


1 3fi 

loO 


2 


,7±0 


9 
. Z 


ocj.no 
Z.O It u.z 


9 4-0 3 
Z.U it U.o 


P1\/T1\T TO/103 3KO^ 
r^lvllN JU4UO-O0U0 


04 


03 


59 


09 


13 







,1±0 


9 


014.00 

— u. 1 it u.z 


O 3 4- O 3 
— U.o it U.O 


ppfi TO/io/i i nono 
Ljjjo JU4U4+uyuy 


04 


05 


33 


-13 


01 


11/1 


1 


,3±0 


9 
.Z 


114-09 
1.1 it U.Z 


O 7 4- O 3 
U. / ± U.o 


pi\IM TO/IO^ 1 308 
rlvllN JU4U0-loUo 


04 


06 


49 


-38 


27 


1 41 
141 





,8±0 


9 

. Z 


7 4-0 9 
U. i It u.z 


(\ 4- 3 
U.U It u.o 


PM1V TOAOfi 389fi 
.T1V11N JU4UO-OOZO 


04 


07 


11 


07 


43 







,6±0 


9 
. Z 


14-09 
— U.l It u.z 


3 4-0 3 
— U.o it U.o 


PP.fi 10/1074-07/19 
Ij-DO JU4U/-|-U/4Z 


04 


07 


54 


-12 


16 







,7±0 


9 
. Z 


7 4-0 9 
U. / it U.Z 


0/14-03 
U.4 it U.o 


P1\/T1\T TO/107 1911 
r^lvllN JU4U/-1Z11 


04 


11 


01 


11 


27 







,3±0 


9 


O 9 4- O 9 

— U.Z it u.z 


O A 4- O 3 
— U.O it U.O 




04 


11 


12 


70 


56 


089 
UoZ 





,6±0 


9 


O £ 4- O 9 
U.D it U.Z 


0^4-03 
U.O it U.o 


1 Tir 0/l03j_7fi 
IJy U4UO+ / 


04 


11 


53 


11 


19 







.2 ± 


9 
. Z 


9 4-0 9 
— U.Z It U.Z 


9 4-0 3 
— U.Z it U.o 




04 


16 


19 


-20 


51 







,6±0 


9 
. Z 


0/14-09 
U.4 it U.Z 


8 4-03 
U.o it U.O 


PA/TM TO/llfi 90^fi 
rlvllN JU410-ZU0U 


04 


23 


10 


-01 


18 


1 1 n 

1 1U 


6 


,3±0 


9 
. Z 


K Q 4- O 9 

o.y it u.z 


A A _|_ 3 
4.4 It U.O 


P1\/T1\T TO/193 0190 
r^lvllN JU4ZO-U1ZU 


04 


23 


10 


02 


22 







,4±0 


9 

,z 


O A 4- O 9 
U.4 it U.Z 


O 3 4- O 3 
U.O It U.O 


PPfl T0/I99j_0910 
^jr-tSU JU4ZZ-hUZiy 


04 


24 


34 


00 


37 


1 no 
iuy 


1 


,5±0 


.0 


O Q 4- O A 
u.y it U.4 


19 4-0/1 
1 .Z It U.4 


PRC TO/1 9/1 4_003fi 
Vjt-DU JU4Z4-|-UUoU 


04 


24 


42 


-37 


56 


1 /in 

14U 


1 


,3±0 


1 

. 1 


114-09 
1.1 it U.Z 


7 4-0 3 
U. / it U.o 


P1\/T1\T TO/19/1 37^K 
r^lvllN JU4Z4-OIOO 


04 


29 


00 


-37 


59 




1 


,3±0 


1 


13 4-09 
1 .0 it U.Z 


8 4-03 
U.o it U.o 


PA/T1\T TO/198 37^6 
rlvllN JU4Zo-ofDO 


04 


33 


17 


05 


22 


1 os 

lUo 


2 


1±0 


9 
. Z 


9 14-09 
Z.l it U.Z 


17 4-0/1 
1. / it U.4 


PRR TO/1 334-0^91 
Vjt-DU JU4ooi-U0Zl 


04 


40 


25 


-43 


30 


1/17 
14 i 


1 


,3±0 


9 
. Z 


O Q 4- O 9 
U.y it U.Z 


8 4-0 3 
U.o it U.o 


PA/T1V TO/I A A 339 
r^lvllN JU44U-4ooZ 


04 


42 


32 


-00 


14 







,9±0 


9 


O 8 4- O 9 
U.o it U.Z 


O C\ 4- O 3 
U.U it U.O 


PA/T1V TO/1/19 0017 
rlvllN JU44Z-UU1I 


04 


50 


50 


-81 


04 


1 

Lid 


1 


,4±0 


1 

. 1 


19 4-09 
1 .Z It u.z 


Q 4- 3 
u.y it U.o 


PA/T1V TO/1^0 8100 
r^lvllN JU40U-O1UU 


04 


53 


2G 


-28 


03 


131 


1 


,2±0 


,1 


1.4 ± 0.2 


1.0 ± 0.3 


"Til\ /TT\T TOylTO OOAT 

PMN J 0453-2807 


04 


55 


21 


-46 


16 


151 


3 


1±0 


.2 


2.6 ±0.2 


1.8 ±0.3 


PMN J0455-4616 


04 


57 


00 


-23 


24 


128 


2 


,3±0 


.1 


1.9 ±0.2 


1.7 ±0.3 


PMN J0457-2324 


04 


57 


30 


06 


40 







,5±0 


.2 


0.6 ±0.2 


0.4 ±0.3 


GB6 J0457+0645 


05 


01 


22 


-02 


02 




1 


,0±0 


.2 


0.5 ±0.2 


0.6 ±0.3 


PMN J0501-0159 


05 


03 


13 


02 


05 







,6±0 


.2 


0.2 ±0.2 


-0.3 ±0.4 


GB6 J0503+0202 


05 


04 


28 


-07 


32 







,4±0 


.2 


-0.1 ±0.2 


0.1 ±0.3 




05 


06 


24 


-06 


40 







,4±0 


.2 


0.2 ±0.2 


0.3 ±0.3 


PMN J0506-0645 


05 


06 


52 


-61 


05 


154 


1 


,4±0 


.1 


0.9 ±0.2 


0.7 ±0.3 


PMN J0506-6109 


05 


09 


54 


10 


18 







,3±0 


.2 


-0.0 ±0.2 


-0.0 ±0.3 


GB6 J0509+1012 


05 


10 


44 


-31 


36 







,4±0 


.1 


-0.0 ±0.2 


0.2 ±0.3 


PMN J0510-3142 


05 


13 


49 


-22 


00 


127 





,6±0 


.2 


0.5 ±0.2 


0.9 ±0.3 


PMN J0513-2159 


05 


16 


36 


-62 


05 







,7±0 


.2 


0.5 ±0.2 


0.2 ±0.3 


PMN J0516-6207 
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RA [hms] 


Dec [dm] 


ID 


Q [Jy] 


V [Jy] 


W [Jy] 


5 GHz ID 


05 


19 


36 


-45 


44 


10U 


a 3 -i- o 9 

4.o It U.Z 


q q i n n 
o.o it U.Z 


9 3 4- 3 
Z.o it U.o 


PMT\T TO^IQ AKAR 
.rlvllN JUOiy-404D 


05 


23 


00 


-36 


31 


1 30 

ioy 


o.o it U.Z 


O.Z It u.z 


9 Q 4- O 3 

z.y it u.o 


PTVTIV T0^99 3fi98 
ilvllN JUOZZ-ODZo 


05 


27 


09 


-12 


33 


1 99 
1ZZ 


1 1 1(19 
1.1 It U.Z 


O fi 4- O 9 
U.D it U.Z 


ntinq 
U.O it U.o 


P1\/T1\T T0^97 19/11 
ilvllN JUOZ/-1Z41 


05 


33 


2G 


48 


21 




u.y it u.z 


ft 4- 9 
U.o it U.Z 


ft 4- 3 
U.o It U.O 


PRfi T0^334_4S99 
vj-DO JUOOO~r4oZZ 


05 


35 


38 


-66 


10 




U.4 it U.D 


(1 1 j.n q 
U.l it U.o 


9 4-0 3 
U.Z it U.o 


PTVTIV T0 c ;3 c ; fifiOl 
ilvllN JUOOO-OOU1 


05 


36 


20 


-33 


55 




o 3 -i- n 1 

U.o it U.l 


n q in 9 
U.o it U.Z 


9 4-0 3 
— U.Z it U.o 


PT\/T1\T T0^3fi 3/101 
ilvllN JUOOD-04U1 


05 


38 


42 


-44 


07 


1 A ft 
14o 


D.U it U.Z 


X. ft 4- O 9 

O.O it u.z 


A O 4- O 3 

4.y ± u.o 


P1\,T1\T TOc;3ft AAC\K 
JrlVllN JU0OO-44U0 


05 


40 


01 


-28 


42 




fi7in i 
U.l it U.l 


O A 4- O 9 
U.4 it U.Z 


O K 4- O 3 
U.O it U.o 


P1\/T1\T TO£30 9ft30 

riviiN juooy-zooy 


05 


40 


13 


-54 


15 


1 KO 
10Z 


n ft -i- n 1 

U.o it U.l 


O R 4- O 9 
U.D it U.Z 


0/14-03 
U.4 it U.o 


PIVTM TO^/10 ^/11ft 
llvllN JU04U-041O 


05 


42 


02 


49 


57 


oo^ 
uyo 


u.y it u.z 


3 4-09 
U.o it U.Z 


14-03 
U.l it U.o 


pdc to^/I9-u/iq c ;i 

bDO JU04Z-f-4y01 


05 


42 


03 


-73 


36 




n a -4- o 1 

U.4 It U.l 


3 4-09 
U.o it U.Z 


4-0 9 
U.U it U.Z 


P1\/T1\T TO^/11 7339 
llvllN JU041-f OOZ 


05 


42 


13 


47 


34 




0/1-1-0 9 
U.4 It u.z 


3 4-09 
U.o it U.Z 


0^4-0/1 
U.O it U.4 


pDfi TO^/1 1 4_/1 79Q 
bDO JU041-(-4jZy 


05 


49 


40 


-57 


35 


lOO 


Q 4- O 1 

u.y it u.i 


7 4-0 9 
U. / it U.Z 


0/14-03 
U.4 it U.o 


P1\/T1\T TO^O ^739 
ilvllN JUOOU-0 lOZ 


05 


52 


02 


37 


51 




7 4-0 9 
U. ( It u.z 


K 4- 9 
U.O It U.Z 


0/14-03 
U.4 It U.O 


PRfi T0^94-37tiA 
UDO JUOOZ~1-0(04 


05 


55 


32 


39 


40 


1UU 


13 4-09 
1.0 It u.z 


O R 4- O 9 
U.D it U.Z 


0/14-03 
U.4 it U.o 


PP.fi 10^^4-30/18 
bDO JU000-hoy4o 


06 


06 


09 


40 


31 




O 7 4- O 9 
U. 1 ± U.Z 


O 3 4- O 9 
U.O it U.Z 


O 9 4- O 3 
U.Z it U.o 


PRC T0fi0^4_/1030 
^jJjO JUOU0+4UOU 


06 


08 


11 


-60 


33 




O A 4- O 1 
U.4 it U.l 


O 3 4- O 9 
U.o it U.Z 


O 1 4- O 9 
— U. 1 it U.Z 


P1\,T1\T T0fi07 fi031 
JrlVllN JUDUf-DUol 


06 


08 


42 


G7 


14 


ooi 
uy i 


O 3 4- O 1 
U.o it U.l 


9 4-0 9 
U.Z It U.Z 


0^4-03 
— U.O it U.o 


PRfi T0fi07_l_fi790 
VjtJjD JUDU<-|-0/ZU 


06 


09 


02 


-22 


16 




O R 4- O 1 
U.D it U.l 


O R 4- O 9 
U.D it U.Z 


0/14-03 
U.4 it U.o 


PT\/T1\T TOfiOft 9990 
ilvllN JUOUo-ZZZU 


06 


09 


44 


-15 


43 


1 9fi 
1ZO 


9 7 4-0 9 
Z. / 1 u.z 


9 14-09 
Z.l it U.Z 


O ft 4- O 3 
U.o it U.o 


PA/I'M TOfiOQ 1^/19 
llvllN JUDUy-104Z 


06 


20 


16 


-25 


11 




0/14-01 
U.4 It U.l 


9 4-0 9 
U.Z it U.Z 


4-0 3 
U.U it U.o 


P1\/T1\T T0fi90 9t\1 ^ 
llvllN JUDZU-ZOIO 


06 


23 


03 


-64 


36 




O R 4- O 1 
U.D it U.l 


O R 4- O 9 
U.D it U.Z 


7 4-0 9 
U. 1 it U.Z 


PTVTIV T0fi93 fi/13fi 
ilvllN JUOZO-0400 


06 


25 


40 


82 


01 




O A 4- O 1 
U.4 it U.l 


O O 4- O 9 
U.U it U.Z 


O O 4- O 3 
— U.U it U.o 


1 Ttr Ofi1 Cs_l_ft9 

uy udio+oz 


06 


27 


06 


-05 


52 




3 4-0 9 
U.O it U.Z 


9 4-0 9 
U.Z it U.Z 


3 4-0 3 
— U.O it U.o 


P1\/T1\T T0fi97 0^3 
ilvllN JUOZf-UOOO 


06 


27 


27 


-35 


36 




0.3 lb 0.1 


—0.2 ± 0.2 


—0.6 ± 0.3 


PMN J 0627-3529 


06 


29 


35 


-20 


01 


130 


1.0 ±0.2 


0.7 ±0.2 


0.8 ±0.3 


PMN J0629-1959 


06 


34 


27 


-23 


31 




0.4 ±0.2 


0.4 ±0.2 


0.2 ±0.3 


PMN J0634-2335 


06 


34 


48 


-75 


14 


167 


3.1 ±0.1 


2.5 ±0.2 


1.6 ±0.2 


PMN J0635-7516 


06 


36 


27 


-20 


36 


134 


0.5 ±0.2 


0.6 ±0.2 


0.4 ±0.3 


PMN J0636-2041 


06 


39 


16 


73 


23 


087 


0.7 ±0.1 


0.4 ±0.2 


0.6 ±0.3 


GB6 J0639±7324 


06 


44 


31 


-23 


11 




0.2 ±0.2 


0.2 ±0.2 


0.2 ±0.3 




06 


44 


32 


-24 


40 




0.2 ±0.1 


-0.0 ±0.2 


-0.3 ±0.3 




06 


46 


20 


44 


48 


099 


1.8 ±0.2 


1.3 ±0.2 


1.0 ±0.3 


GB6 J0646±4451 


06 


47 


16 


-20 


28 




0.2 ±0.2 


0.2 ±0.2 


0.2 ±0.3 




06 


48 


10 


-30 


40 




0.4 ±0.1 


0.2 ±0.2 


0.1 ±0.3 


PMN J0648-3044 


06 


48 


23 


-17 


50 




0.5 ±0.2 


0.4 ±0.2 


0.6 ±0.3 


PMN J0648-1744 


06 


50 


20 


-16 


33 




1.7 ±0.2 


1.6 ±0.2 


1.1 ±0.3 


PMN J0650-1637 
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Table 19 — Continued 



RA [hms] 


Dec [dm] 


ID 


Q [Jy] 




V [Jy] 


W [Jy] 


5 GHz ID 


06 


50 


30 


60 


02 




n k -4- o 

U.O it u 


2 


U.Z it U.Z 


R 4- 3 
U.O it U.o 


PRfi TOfi^04-ft001 
vjr-DO JUOOU-hOUUl 


06 


54 


14 


37 


05 




n a -4- o 

U.4 it U 


9 


n /i 4- n 9 

U.4 It U.Z 


U.O it U.o 


PRfi T0fi^3_l_370^ 
vt-DO JU00o-t-O(U0 


06 


58 


06 


-61 


24 




u.o ± u 


1 


n 9 4- n 9 
u.z it u.z 


9 4- 3 
U.z it U.o 




06 


59 


52 


17 


12 




i n -i- n 

l.U it u 


9 
. z 


U.O it u.z 


0/14-03 
U.4 it U.o 


PRfi T07004-170Q 

vjr-DO ju/uu-t-i/uy 


07 


02 


06 


26 


40 




U.Z it u 


9 

. Z 


n n 4- n 9 
u.u it u.z 


O ft 4- A 
— U.O it U.4 


PRfi T0709_l_9ft/I/I 
vjr-DO JU/UZ-|-Z044 


07 


10 


44 


47 


34 




U. 1 ± u 


9 
. z 


U. t it u.z 


n A 4- O 3 
— U.4 it U.o 


PRfi T07104-/I739 
vjr-DO JU / lU-f-4 t OZ 


07 


15 


57 


-68 


31 




n 3 4- o 
u.o ± u 


i 

. 1 


O O 4- O 9 
— U.U it U.Z 


O 9 4- O 9 
U.Z it U.Z 


PA/TAT T071 £ C89G 
rlvllN JUilO-Oozy 


07 


17 


39 


45 


39 




n r -i_ n 

U.O it u 


9 
. z 


n R 4- O 9 
U.O it U.z 


0/14-0/1 
U.4 It U.4 


PRP. T071 74-/1 ^38 
vjr-DO JU 1 1 1 -f-40oo 


07 


19 


40 


33 


11 




n r -i- n 

U.O It U 


9 

. Z 


9 4-0 9 
U.Z It u.z 


3 4-03 
U.O It u.o 


fRfi T071 04-3307 

v r i j t ) ju / iy-rooui 


07 


21 


11 


04 


03 




U.O It U 


9 

. Z 


O 4 4- O 9 
U.4 It U.Z 


4-0 3 
— U.U It u.o 


r'Rfi T0791-l-040fi 
UDO JU/Z1-PU4UO 


07 


22 


08 


71 


21 




9 n 4- o 

Z.U it U 


1 

. 1 


10 4-09 

i .y it u.z 


O14-03 
Z . 1 It U.O 


PRC T07914-7190 
VjtIjO JU/Z1-|-/1ZU 


07 


25 


06 


14 


24 




n r 4- o 
u.o ± U 


9 


O K 4- O 9 

u.o ± u.z 


O 3 4- O 3 
U.O It U.O 


PDC 7079c;j_1 /I9£ 
Vi-tSO JU/Z0+14Z0 


07 


25 


4G 


-00 


48 




1 a J- o 

1.4 It u 


9 

. Z 


19 4-09 
1 .Z It u.z 


8 4-03 
U.o it U.o 


P1\/T1\T T079E; OO^/l 
rlvllN JU/ZO-UU04 


07 


28 


17 


G7 


49 




U.O it u 


9 

. Z 


3 4-09 
U.o it U.z 


9 4-0 3 
U.Z it U.o 


fDC T07984_fi7/I8 
Vj-DO JU/Zo-t-0/4o 


07 


30 


06 


-11 


38 




o.y it u 


9 

. Z 


3 4-0 9 
O.U it U.Z 


17 4-03 
1. / it U.o 


PTVTW T0730 11/11 
rlvllN JUfOU-1141 


07 


34 


08 


50 


22 




n a 4- o 

U.4 ± U 


9 


1 O 4- O 9 
l.U it U.Z 


10 4-0/1 
l.U it U.4 


PRC T0733j_£099 
^jliO JUioo-hoUzz 


07 


34 


53 


-77 


12 




U.O it U 


1 


14-09 
— U.l It u.z 


14-03 
— U. 1 it U.o 


PTVTIV T073/I 771 1 
rlvllN JU / 04- / / 1 1 


07 


38 


17 


17 


45 


1 lo 


n s 4- n 

U.o it u 


9 
. Z 


7 4-0 9 
U. / it U.Z 


14-03 
U.l it U.o 


PRfi T07384-17/I9 
Vj-DO JU/oo-pl(4Z 


07 


39 


2G 


01 


37 


1 94 
1Z4 


1 s 4- n 


9 

. z 


17 4-09 
1.1 it U.Z 


10 4-03 
l.U It U.O 


fRfi T073Q4-013R 

udu jUfoy-f-uioo 


07 40 


12 


29 


00 




n a 4- o 

U.4 it U 


9 

. Z 


9 4-0 9 
U.Z it U.Z 


9 4- O A 
— U.Z it U.4 


pDfi 707/104-98^9 
bDO JU/4U-|-ZoOZ 


07 


41 


41 


31 


15 


1 07 


n a 4- o 

U.4 ± U 


9 
.z 


U.o it U.z 


O 3 4- O 3 
U.o it U.o 


PRC T07/11j_3119 
Vj-tSO JU/41-t-ollZ 


07 


43 


01 


-67 


28 


1 fil 


n a 4- n 

U.4 it U 


9 

. z 


0^4-09 
U.O it u.z 


O ft 4- O 3 
U.O it U.o 


P1\/T1\T T07/I3 R70R 
JrlvllN JUf40-OfZO 


07 


45 


28 


10 


00 




n a 4- o 

U.4 ± U 


9 

.Z 


O O 4- O 9 

u.u ± u.z 


O A 4- O 3 
— U.4 it U.o 


PRC. T/l71t:_Lini1 
^jliO JU/40 + 1U11 


07 


46 


07 


-00 


42 




n ^ 4- o 

U.O It U 


9 

. z 


fi 4- 9 
U.O It u.z 


7 4-0 3 
U. 1 It U.O 


PMIV T074^ 0044 
JT1V11N JU/40-UU44 


07 


48 


28 


23 


59 




1.0 ± 


.2 


0.6 ± 0.2 


0.6 ± 0.4 


/in /■ taw i n | O A 1 \t \ 

GB6 J0748+2400 


07 


48 


41 


-16 


42 




0.3 ±0 


.2 


0.1 ±0.2 


-0.5 ±0.3 


PMN J0748-1639 


07 


50 


18 


48 


12 




0.6 ±0 


.2 


0.3 ±0.2 


0.1 ±0.3 


GB6 J0750+4814 


07 


50 


50 


12 


32 


117 


2.7±0 


.2 


2.5 ±0.2 


2.0 ±0.3 


GB6 J0750+1231 


07 


53 


08 


53 


49 




0.4 ±0 


.2 


0.3 ±0.2 


0.5 ±0.3 


GB6 J0753±5353 


07 


56 


20 


-73 


47 




0.2 ±0 


.1 


0.1 ±0.2 


-0.2 ±0.3 


PMN J0757-7353 


07 


57 


01 


09 


53 


120 


1.4 ±0 


.2 


1.2 ±0.2 


1.0 ±0.3 


GB6 J0757+0956 


OS 


07 


42 


49 


51 




0.4 ±0 


.2 


-0.1 ±0.2 


-0.2 ±0.3 


GB6 J0808+4950 


OS 


08 


17 


-07 


50 


133 


1.2 ±0 


.2 


1.5 ±0.2 


0.9 ±0.3 


PMN J0808-0751 


OS 


11 


18 


01 


40 




0.7±0 


.2 


0.4 ±0.2 


0.6 ±0.4 


GB6 J0811+0146 


OS 


16 


56 


-24 


20 


145 


0.5 ±0 


.2 


0.4 ±0.2 


0.2 ±0.3 


PMN J0816-2421 


OS 


23 


40 


22 


29 




0.7±0 


.2 


0.4 ±0.2 


0.1 ±0.4 


GB6 J0823+2223 


OS 


24 


45 


55 


43 




0.3 ±0 


.2 


0.2 ±0.2 


-0.0 ±0.3 


GB6 J0824+5552 
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Table 19 — Continued 



RA [hms] 


Dec [dm] 


ID 


Q [Jy] 




V [Jy] 




W [Jy] 


5 GHz ID 


08 


25 


09 


39 


14 




no-i-n 
u.y it u 


9 





,7± 


.z 


fi04.fi? 

U.Z it U.o 


PRfi T089/1 4_"?Q1 fi 
KjDO JUoZ4-j-oyiD 


08 


25 


37 


03 


07 


Izo 


10 4-0 

l.Z ± u 


,£ 


1 


,3±0 


9 
.z 


fl74.(l/l 
U. f ± U.4 


PPfi TOQ9^J_0"?00 
bt)t) JUoZO-hUoUy 


08 


2G 


03 


-22 


28 




u.o ± u 


9 





,7± 


9 
.z 


flfl4-flQ 
U.U it U.o 


PA/T1\T TOQ9fi 99"?0 
rlvllN JUoZu-ZZoU 


08 


30 


43 


24 


09 


119 

1 1Z 


1 OJ-fl 

l.Z I U 


9 


1 


.2 ± 


9 
.z 


1 c 4. n A 
1 .0 It U.4 


PDf; T08"?04-9/L1 
Vjiou JUoou-rZ4iu 


08 


31 


56 


04 


35 




U. 1 it u 


,z 





,6± 


9 
. Z 


U. 1 ± U.o 


PRfi T08"?1 4.0/I9Q 
bDu JUool-t-U4Zy 


08 


3G 


26 


-20 


17 


1/1/1 


1 74.fi 
l.( ±u 


9 


1 


.1 ± 


9 

.z 


fl Qi-O ? 

u.y it u.o 


pi\JM T08"?fi 901 7 
r4V14N JUoOU-ZUlf 


08 


37 


54 


58 


21 




n a 4- 

U.4 it U 


, 1 





,6± 


9 
. Z 


n 1 4- n q 

U.l it U.o 


PRfi T08'?74_i : ;89 1 ^ 
bDu JUooi-t-0oZ0 


08 


39 


29 


01 


03 




n fi 4- n 

U.O it u 


9 
. z 





,3±0 


9 

.z 


0^4-0/1 
— U.O it U.4 


PRfi T08"?Q_I_01 0/1 
KjOO JUooy-hUlU4 


08 


40 


54 


13 


13 


1 91 

1Z1 


1 Q4-f| 
1 .0 It U 


9 





,8±0 


9 
.z 


7 4-0'? 
U. 1 It U.O 


PRfi T08/L04-1 "?1 9 


08 


41 


1G 


70 


54 


Uoy 


1 Q4.fl 

i.y it u 


, 1 


1 


,7± 


9 
. Z 


8 4-0"? 
U.o it U.o 


PRfi T08/1 1 4-70^"? 
IjdO JUo41-t-fU00 


08 


47 


27 


-07 


03 




n k 4- n 

U.O it u 


9 
. Z 





,7± 


9 

.z 


14-0"? 
U.l it U.o 


P1\/T1\T T08/I7 070"? 
rlvllN JUo4i-UiUo 


08 


49 


44 


-35 


35 




n a 4- 

U.4 it u 


1 





2±0 


9 
. Z 


14-0"? 
— U.l it U.o 


PA/TT\T T08/1Q "?^/l1 
.T4V14N JUo4y-o041 


08 


55 


00 


20 


07 


11^ 

110 


004.fi 

0.0 ± U 


9 


4 


,2±0 


9 

.z 


114.(1/1 
O.Z it U.4 


f^Rfi T08^/lJ_900fi 
Ij-tSO JU0O4+ZUUD 


08 


58 


34 


-19 


49 




U.o it U 


9 

. z 





,3±0 


9 
.z 


9 4- 0"? 
— U.Z it U.o 


pi\/ti\t Toa^a iq^o 

r4V14N JUoOo-iyOU 


08 


59 


38 


-22 


45 




n ■? 4- 

U.o it U 


9 

,Z 





.1 ± 


9 
. z 


10 4-0"? 
— 1 .U it U.o 




09 


02 


49 


4G 


54 




niJ-fl 
U.4 it U 


9 

z 





,5±0 


9 
.Z 


0^4-0"? 
U.O it U.o 


PRfi TOQO^-L/lfi^O 
bDD JUyUo-1~4D0U 


09 


06 


12 


-57 


40 




U.O it u 


9 

,z 





,5±0 


9 

.z 


O 9 4- O "? 
U.Z it U.O 


PA/TAT TOOOfi p;7/IO 
rlvllN JUyUD-0(4U 


09 


07 


10 


-20 


21 




n fi 4- n 

U.D it u 


9 
. Z 





,5±0 


9 
.z 


14-0"? 
— U.l it U.o 


PA/TM TOQOfi 901 Q 

r4vi4N juyuu-zuiy 


09 


09 


12 


01 


23 


1 ^9 
loZ 


1 k 4- n 

1.0 it U 


9 
z 


1 


,4± 


9 
.z 


10 4-0"? 
1 .U it U.o 


PRfi T0Q0Q4-0191 

bDD juyuy-t-uizi 


09 


09 


34 


42 


52 




1 (14.(1 
l.U it U 


9 

, Z 





,5±0 


9 
. Z 


u.y it u.o 


PRfi TOQOQ-L/IO^"? 

^-Du juyuy-f-4zoo 


09 


14 


27 


02 


49 




n q 4- n 
u.y it u 


9 





,5±0 


9 

.z 


114-0/1 
1.1 It U.4 


PRfi TOQ1 A 4-09/1 ^ 
IjdO JUyi4-l-UZ40 


09 


17 


52 


-12 


08 


1 A *3 
14o 


(1 Q J. (1 

u.y it u 


9 

,z 





,4± 


9 
. Z 


9 4-0"? 
U.Z it U.o 


PA/TM TOQia 190^ 
r4V14N juyio-izuo 


09 


20 


53 


44 


39 




1 74.fi 


9 


1 


,4± 


9 

.z 


Q 4- O "? 

u.y it u.o 


poc T0Q904-/1/I/1 1 
bDO JUyZU~r4441 


09 


21 


4G 


62 


17 




n a 4- n 

U.O It U 


9 





,5±0 


9 
.z 


7 4-0"? 
U. 1 It u.o 


PDC 700914-691^ 

vi 1 so juyzi-f-ozio 


09 


21 


48 


-26 


21 




1.0 ± 


.2 





,8±0 


.2 


0.6 ± 0.3 


PMN J0921-2618 


09 


22 


41 


-39 


59 




0.7±0 


.1 





,5±0 


.2 


0.5 ±0.3 


PMN J0922-3959 


09 


24 


16 


28 


18 




0.5 ±0 


.2 





6±0 


.2 


0.6 ±0.3 


GB6 J0923+2815 


09 


27 


07 


39 


00 


105 


5.7±0 


.2 


4 


9±0 


.2 


3.1 ±0.3 


GB6 J0927+3902 


09 


28 


12 


-20 


36 




0.3 ±0 


.2 





,5±0. 


.2 


0.8 ±0.3 


PMN J0927-2034 


09 


30 


13 


-38 


15 




0.2 ±0 


.2 





,2±0 


.2 


-0.1 ±0.3 




09 


48 


59 


40 


40 


104 


1.1 ±0 


.2 


1 


1±0 


.2 


0.9 ±0.3 


GB6 J0948+4039 


09 


55 


21 


G9 


41 


088 


0.7±0 


1 





,8±0 


.2 


0.5 ±0.3 


GB6 J0955+6940 


09 


56 


41 


25 


16 




0.7±0 


.2 





,5±0 


.2 


0.8 ±0.3 


GB6 J0956+2515 


09 


57 


24 


55 


25 




0.9 ±0 


.1 





,6±0 


.2 


0.3 ±0.3 


GB6 J0957+5522 


09 


58 


31 


65 


31 




0.8 ±0 


1 





6±0 


.2 


0.4 ±0.3 


GB6 J0958+6534 


09 


58 


37 


47 


28 


098 


0.9 ±0 


1 





,5±0 


.2 


0.3 ±0.3 


GB6 J0958+4725 


10 


14 


48 


22 


59 


119 


0.6 ±0 


.2 





,4±0 


.2 


0.4 ±0.3 


GB6 J1014+2301 
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Table 19 — Continued 



RA [hms] 


Dec [dm] 


ID 


Q [Jy] 




V [Jy] 




W [Jy] 


5 GHz ID 


10 


14 


51 


-45 


10 




n a -A- n 

U.4 it u 


1 

. 1 


9-1-0 
U.Z zt U 


9 

.Z 


n /i 4- n q 

U.4 it U.o 


PMT\T Tim A A ^na 
rlvllN J1U14-40UO 


10 


32 


43 


60 


35 




u.o ± u 


1 

. 1 


o n -u o 
u.u zt u 


9 

.z 


n n 4- n o 
— U.U ± U.Z 


piq^ 7inQl4_fin*3fi 
*jJjD JlUol+UUoO 


10 


33 


03 


41 


18 


lUo 


U.o it U 


9 


^ -1- 

u.o zt u 


9 
.Z 


n r 4- n ■? 
U.D it u.o 


PRR T1 n'i'i-l-A 1 1 K 
vjr-DD JlUoo-h4110 


10 


35 


05 


-20 


13 




U. i ± u 


9 
. Z 


0/1-1-0 
U.4 zt U 


9 
. Z 


n /i 4- n ■? 
U.4 it u.o 


P1\/T1\T Tin 1 ?^ 9P11 1 
rlvllN J1UOO-ZU11 


10 


37 


00 


-37 


43 




u.o it u 


9 

. Z 


9-1-0 
U.Z zt U 


9 

. Z 


n a 4_ n o 

U.4 it U.o 


P1\/T1\T Tm^iR V7AA 
rlvllN JlUOU-0(44 


10 


37 


10 


-29 


37 




1 a -A- n 

1.4 It u 


9 
. Z 


19-1-0 
l.Z zt U 


9 

. Z 


1.4 it U.o 


P1\/T1\T 110^(7 9Q"?/1 
rlvllN JlUO(-Zy04 


10 


38 


59 


05 


09 


1/19 
14Z 


u.y ± u 


9 

,Z 


O 7 -U O 

U. i ±u 


9 

.z 


u.u ± u.o 


r^pfi TinQCj_n^i9 
KjdK) JIUoo+UOlz 


10 


41 


11 


06 


16 




l.Z it u 


9 
.Z 


O X. -U o 

u.o zt u 


9 

.Z 


n. /i 4- n q 
U.4 ± u.o 


prc Tin/iij_nRin 

<jJjD J1U41+UU1U 


10 


41 


30 


-47 


42 


100 


U.O It u 


1 

. 1 


3-1-0 
u.o zc u 


9 

. z 


U.l It u.o 


Pl\/Tl\T Tinzll 4740 
.rlVllN J1U41-4/4U 


10 


43 


17 


24 


08 




u.y it u 


9 

. Z 


0^-1-0 
U.O zt U 


9 

. Z 


n a 4- n i 
U.o it u.o 


Lt-DO J 1U4o-|-Z4Uo 


10 


48 


12 


-19 


07 




U.o it U 


9 
. z 


U.O zt U 


9 

. Z 


— U. 1 it U.o 


P1\/T1\T Tin/18 1 QOQ 

riviiN jiu4o-iyuy 


10 


48 


30 


71 


44 


Uoo 


u.y it u 


. 1 


U.O zt U 


9 

. Z 


n 7 4- n ^ 
u. / it u.o 


pDfj Ti A/1 84_71 A "\ 
bDO J lU4o~|- ( 14o 


10 


57 


21 


81 


11 




n a 4- n 
U.4 ± u 


9 

.Z 


O K -U O 
U.O zt U 


9 

.Z 


n 8 4- n q 
u.o ± u.o 




10 


57 


51 


-80 


02 


1 7fi 
I/O 


o 1 4- n 

Z.l It u 


1 

. 1 


9 9-1-0 
Z.Z zt U 


9 

. Z 


1.4 It U.O 


pi\/ti\t Tin^R snn^ 

rlvllN JlUOo-oUUO 


10 


58 


2G 


01 


35 


1 /1Q 

i4y 


a ^ 4- n 

4.0 It u 


9 

. Z 


A 9 -1- O 
4.Z zt U 


9 

. Z 


O.l it U.o 


KjDO J lU0o-t-Ult3o 


11 


02 


24 


72 


25 




n k 4- n 
u.o ± u 


9 

.z 


n a _i_ n 
U.O zt U 


9 

.z 


n n 4- n q 

U.U it U.o 


PRR 71 1(714-799^ 
Vj-tSD JllUl-h/zzO 


11 


06 


55 


-44 


51 




1 n 4- n 

l.U it u 


9 

. Z 


u.y zt u 


9 

. Z 


(1 7 + n q 
U. / it U.o 


P1\/T1\T 711(77 AAAQ 
rlvllN JllU(-444y 


11 


18 


07 


-46 


35 




n k 4- n 
u.o ± u 


9 
.Z 


U.4 zt u 


9 

.z 


U.Z it U.O 


P1\71\T 71 1 1 Q /IRQ/1 
rlvllN J111O-4U04 


11 


18 


12 


-12 


34 




n r 4- n 
u.o it u 


9 

. Z 


U.O zt U 


9 
. Z 


U.o it U.o 


P1\/T1\T 71118 19Q9 
rlvllN Jlllo-lZOZ 


11 


18 


52 


12 


37 




n 7 4- n 

U. i it u 


9 

. Z 


U.O zt U 


9 

. Z 


n ^ 4- n q 
u.o it u.o 


PP.fi 711184-19Q/1 
vj-DD Jlllo-rlZ04 


11 


25 


33 


20 


12 




n k 4- n 
u.o ± u 


9 

.Z 


O A -U O 
U.4 zt U 


9 

.z 


n a 4- n q 
U.4 ± u.o 


PPR 7119^4_9R1(7 
bDO JllzO+ZUlU 


11 


27 


18 


-18 


54 


1 £Q 

ioy 


i o i n 

l.O ± u 


9 

,Z 


1 9 -U O 
l.Z zt U. 


9 

,z 


dfl±nq 

u.y ± u.o 


P1\71\T 71197 1 8^7 
rlvllN JllZ(-loO( 


11 


30 


18 


-14 


52 


1 ^7 
10 i 


i n 4_ n 
i.y ± u 


9 

.z 


1 a -U n 

1.4 zt U 


9 

.z 


i i 4_ n q 

1.1 ± U.O 


P1\71\T 71 1 Qfl 1/1/10 
rlvllN JlloU-144y 


11 


31 


09 


38 


18 


1 m 


n 7 4- n 

U. i it u 


9 
. Z 


0.6 ±0 


.2 


n ^ 4- n q 

U.O it U.o 


pec 71 1 Qn4_Q8i ^ 

Va-DO JlloU-hoolO 


11 


45 


21 


-48 


34 




0.5 ± 


.2 


0.6 ±0 


,2 


0.6 ± 0.3 


PMN JH45-4836 


11 


45 


58 


-69 


55 




0.7±0 


.2 


0.5 ±0 


.2 


0.6 ±0.3 


PMN JH45-6953 


11 


47 


05 


39 


57 




0.8 ±0 


.2 


0.5 ±0 


,2 


0.8 ±0.3 


GB6 JH46+3958 


11 


47 


07 


-38 


08 


169 


1.6 ±0 


.2 


1.7 ±0 


,2 


0.8 ±0.3 


PMN JH47-3812 


11 


50 


04 


24 


16 




0.3 ±0 


.2 


0.4 ±0 


.2 


0.2 ±0.3 


GB6 JH50+2417 


11 


50 


30 


-00 


23 




0.7±0 


.2 


0.2 ±0 


,2 


-0.1 ±0.3 


PMN JH50-0024 


11 


52 


13 


-08 


42 




0.8 ±0 


.2 


0.6 ±0 


.2 


0.8 ±0.3 


PMN JH52-0841 


11 


52 


25 


80 


55 


078 


0.7±0 


.2 


0.4 ±0 


,2 


0.5 ±0.3 


Uy H50+81 


11 


53 


13 


49 


30 


090 


1.5 ±0 


.2 


1.5 ±0 


.2 


1.0 ±0.3 


GB6 Jll53±493l 


11 


54 


21 


-35 


10 




0.4 ±0 


.2 


0.6 ±0 


.2 


-0.3 ±0.3 


PMN JH54-3504 


11 


59 


37 


29 


15 


111 


1.8 ±0 


.1 


1.7 ±0 


,2 


0.9 ±0.3 


GB6 JH59+2914 


12 


03 


02 


-05 


29 




0.3 ±0 


.2 


-0.1 ±0.2 


-0.3 ±0.3 


PMN J1202-0528 


12 


03 


55 


48 


06 




0.5 ±0 


.2 


0.2 ±0.2 


0.7 ±0.3 


GB6 J1203+4803 
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Table 19 — Continued 



RA [hms] 


Dec [dm] 


ID 


Q [Jy] 


V [Jy] 


W [Jy] 


5 GHz ID 


12 


08 


54 


-24 


10 


1 79 
1 t Z 


0^4-09 
U.O zt U.Z 


9 4-0 9 
U.Z zt U.Z 


9 4-0 3 
U.Z zt U.O 


P1\/TW T19DQ 9/infi 


12 


11 


50 


-52 


38 




U.y zt U.Z 


0^4-09 
U.O zt U.Z 


3 4-03 
U.O zt U.O 


P1\/TM T1919 ^9/1 
i IVllN JIZIZ-DZ^TD 


12 


16 


02 


-17 


35 


1 7*? 

I/O 


7-1-09 
U. f zt U.Z 


ft 4- O 9 
U.O zt U.Z 


7 4-0 3 
U. * zt U.O 


P1\/TW 7191^ 1 VQI 


12 


19 


29 


05 


48 




i ft _i_ n o 
1.0 zt U.Z 


1.1 zt U.Z 


O Q 4- O 3 

u.y zt u.o 


PRC T1 Ol Q 1 nun A 


12 


22 


18 


04 


14 




10 4-0^ 
l.U Zt U.O 


7 4-0 3 
U. i Zt U.O 


O Q 4- O 3 

u.y zt u.o 


PP.fi T1 999_l_nzL1 "3 
V 1 1 J O JlZZZTlfilO 


12 


22 


48 


80 


37 




nQi.no 
U.O zt u.z 


3 4-09 
U.O zt U.Z 


3 4-0 3 
U.O zt U.O 




12 


25 


14 


21 


21 




8 -I- O 9 
U.O zt u.z 


0^4-09 
U.O zt U.Z 


14-03 
U.l zt U.O 


PRC T1 99/I i 91 99 
VjrPO J IZZ^r-hZlZZ 


12 


29 


03 


02 


04 


1 7ft 


1 7 4- O 9 
lo. / zt U.z 


1 7 O 4- O 9 
1 i .U zt U.z 


1 q i _i_0 3 
lo.l zt U.O 


PRC 71 990_Lfl9n9 
vjroD JlZZy-hUzUZ 


12 


30 


47 


12 


23 


1 

100 


i o c _i_ n 9 

1Z.0 zt u.z 


n ft 4_ o 9 

y.o zt u.z 


7 4-0 3 
/ .U zt U.O 


PRC T1 9QPi_u1 99^ 
Vi 130 JlZoU^rlZZO 


12 


4G 


47 


-25 


45 


1 77 


i q _i_ n 9 

1.0 Zt u.z 


1/14-09 


10 4-03 
l.U zt U.O 


PMN T19/Lfi 9^zL7 


12 


48 


14 


-46 


00 




U.o zt U.Z 


ft 4- O 9 
U.O zt U.Z 


O Q 4- O 3 

u.y zt u.o 


P1\/TW T 19/18 AKKQ 


12 


54 


36 


11 


40 




n A 4- 9 
U.4t zt u.z 


4-0 9 
U.U zt U.Z 


14-03 
— U.l zt U.O 


PRC 71 9C/I 11 1 A 1 


12 


56 


11 


-05 


40 


181 
lol 


i ft o _i_ n 9 
10. o zt U.Z 


i ft 1 4_ 9 
10. 1 zt U.Z 


i O 1 _|_ o 3 
1Z. 1 zt U.O 


P1\/TM T19^fi Pl^/17 


12 


56 


58 


-71 


31 




9-1-01 
U.Z HZ U. 1 


14-09 
— U. 1 zt U.Z 


O ft 4- O 3 
— U.O zt U.O 




12 


58 


02 


32 


31 




U.O zt u.z 


9 4-0 9 
U.Z zt U.Z 


14-03 
U.l zt U.O 


PRC 71 9c.7_i_Q99Q 
vjrjjD JlZO/^roZZy 


12 


58 


19 


-31 


53 


i sn 


ft 4- 9 
U.O zt u.z 


K 4- O 9 
U.O zt U.Z 


7 4-0 3 
U. * zt U.O 


P1\/TW 719^7 "31 cc/i 


12 


59 


44 


51 


40 




O 7 4- O 1 
U. f zt U.l 


O c; 4_ o 9 
U.O zt U.Z 


O ft 4- O 3 
U.O zt U.O 


PRC 71 9cn_L^1 A 1 


13 


05 


02 


-49 


34 




K _|_ A O 

U.O zt U.Z 


0/14-09 
U.l zt U.Z 


14-03 
U.l zt U.O 


P1\/TW T1 "?n^ /IQ98 


13 


10 


33 


32 


23 


UOZ 


i Qj.ni 
i .y zc u.l 


17 4_09 
1 . ( zt U.Z 


Q 4- O 3 

u.y zt u.o 


PRC 71 Q1 Pl-I- C !99n 
V 1 1 MJ JIOIUtOZZU 


13 


16 


09 


-33 


37 


1 89 
loZ 


i ft _i_ n 9 
1.0 zt u.z 


17 4-09 
1. ( zt U.Z 


7 4-0 3 
U. ( zt U.O 


P1\/TW T131R 3^3Q 
_rlvllN JlolD-oooy 


13 


19 


02 


-12 


25 




fi o j_n o 
U.o zt U.z 


O O 4- O 9 
— U.U zt U.z 


O 3 4- O 3 
— U.O zt U.O 


PA TAT T1Q1Q 1917 
rlvllN Jloly-lZl< 


13 


26 


55 


22 


08 




O 7 4- O 9 
U. / zt U.z 


O 4- O 9 
U.O zt U.z 


O Q 4- O 3 
U.o zt U.O 


PRC T1Q97_l991H 
vjrr5D JloZz-f-ZZlU 


13 


29 


22 


31 


57 


n/in 


3 4- 9 
U.O zt U.Z 


9 4-0 9 
U.Z zt U.Z 


9 4-0 3 
U.Z zt U.O 


PRC 71 Q9Q_|Q1 KA 


13 


31 


16 


30 


20 


UZO 


14 4-09 
1 zt u.z 


7 4-0 9 
U. ( zt U.Z 


0^4-03 
U.O zt U.O 


PRC 71 QQi iqnqn 
V 1 1 MJ JIOOItOUOU 


13 


32 


10 


-05 


03 




044 9 
u.^ ziz u.z 


4 4-09 
ZIZ u.z 


3 4- 3 
U.O ZIZ u.o 


PMN T1 'W) D^DQ 


13 


33 


05 


02 


01 




0.8 ±0.2 


0.5 ±0.2 


0.8 ±0.3 


GB6 J1332+0200 


13 


35 


51 


-08 


23 




0.5 ±0.2 


0.3 ±0.2 


0.2 ±0.3 


PMN J1336-0830 


13 


36 


32 


-33 


59 


185 


0.8 ±0.2 


0.6 ±0.2 


0.6 ±0.3 


PMN J1336-3358 


13 


37 


29 


-13 


00 


188 


5.8 ±0.2 


5.3 ±0.2 


4.0 ±0.3 


PMN J1337-1257 


13 


43 


28 


66 


05 




0.4 ±0.1 


0.2 ±0.2 


0.3 ±0.3 


GB6 J1344+6606 


13 


49 


22 


53 


34 




0.2 ±0.1 


0.0 ±0.2 


-0.1 ±0.3 


GB6 J1349+5341 


13 


52 


08 


31 


25 




0.5 ±0.1 


0.3 ±0.2 


0.5 ±0.3 


GB6 J1352+3126 


13 


54 


41 


-10 


43 


197 


0.7±0.2 


0.6 ±0.2 


0.1 ±0.3 


PMN J1354-1041 


13 


57 


08 


19 


18 


004 


1.4±0.2 


1.4±0.2 


0.7 ±0.3 


GB6 J1357+1919 


13 


58 


35 


76 


45 




0.9 ±0.1 


0.6 ±0.2 


0.4 ±0.3 




13 


59 


16 


01 


52 




0.4 ±0.2 


0.4 ±0.2 


0.2 ±0.3 


GB6 J1359+0159 


14 


08 


56 


-07 


51 


203 


0.8 ±0.2 


0.4 ±0.2 


0.6 ±0.3 


Uy 1406-076 
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Table 19 — Continued 



RA [hms] 


Dec [dm] 


ID 


Q [Jy] 


V [Jy] 


W [Jy] 


5 GHz ID 


14 


09 


21 


-27 


00 




U.O it u.z 


4- 9 
U.U it U.Z 


9 4- 3 
U.Z it U.O 


P1\/T1\T TI/IOQ 9fit^7 
1^4V14N J14Uy-ZOO( 


14 


11 


32 


52 


13 




o a 4- o 9 

U.4 it U.z 


9 4- 9 
U.Z it U.Z 


9 4- 3 
U.z it U.o 


PTJC T1 A 1 1 1 COI 9 
vjr-DO J1411-f-0zlz 


14 


16 


00 


13 


15 




n k -i- o 9 
U.O it u.z 


0/14-09 
U.4 it U.Z 


9 4- 0*? 
— U.Z it U.O 


PRfi T1 A 1 ^4_1 390 
vjroO J1410~rlOZU 


14 


19 


41 


54 


27 




n a -i- n 1 

U.o it U.l 


10 4-09 
l.U it U.Z 


flS4.fl'! 
U.o it U.O 


PRfi T1/I1Q4_^/I93 
vjroO J14iy-(-04ZO 


14 


20 


15 


38 


19 


049 

U4z 


U.l X U.l 


x, 4- 9 
U.O It U.Z 


e, 4. 9 
U.O it U.Z 


PRfi T1/L1Q4-3899 
vjt-DO Ji4iy~rOozz 


14 


27 


21 


-33 


06 


1 Q3 
lyo 


1 9 J- n 9 

l.Z It u.z 


114-09 
1.1 it U.Z 


fiexnq 
U.O it U.O 


P1\/T1\T 11/197 330K 
1^4V11N J14Zf-OOUO 


14 


27 


44 


-42 


07 


1 01 


0n4.no 
z.u it u.z 


O 1 4- O 9 
Z.l it U.Z 


1 1 4_ O 3 

1.1 it u.o 


P1\/11\T 11 /197 AOC\R 
rlvllN J14zf-4zU0 


14 


36 


35 


23 


25 




n a 4- o 1 

U.4 it U.l 


O 9 4- O 9 
U.Z it U.Z 


O K 4- O 3 
— U.O it u.o 


C*TIR I1/13fi4_9390 
la-tSO J 14O0+Z0ZU 


14 


•37 


58 


-22 


06 




U.O It u.z 


7 4-0 9 
U. 1 it U.Z 


U.O It u.o 


PM1V 11438 9904 
.T4V11N J140O-ZZU4 


14 


39 


35 


49 


57 




U.4 It U.Z 


3 4-09 
U.O it U.Z 


O 9 4- 3 
U.Z it u.o 


PDC 1143Q_i_4Qe;8 

Lj-do j i4oy-i-4yoo 


14 


42 


55 


51 


59 




n r 4- n 1 

U.O it U.l 


o a 4- O 9 
U.o it U.Z 


O ^ 4- O 3 
U.O it u.o 


PRfi 11443_1_I : ;901 
vj-DO J1440~rOZUl 


14 


4G 


42 


17 


25 




U.O it u.z 


0/14-09 
U.4 it U.Z 


O 8 4- O 3 
U.o it U.O 


fDfi 11 44R_i_1 791 
vj-DO J1440-rl/Zl 


14 


54 


21 


-37 


50 




u.y ± u.z 


O A 4- O 9 

u.o it u.z 


1 O 4- O A 
l.U it U.4 


P1\/11\T 11/1^/1 37/17 
r 1V11N J 1404-0 / 4 ( 


14 


57 


11 


-35 


37 




U.y it u.z 


O R 4- O 9 
U.O it u.z 


1 /I 4_ n 
1.4 it U.O 


P1\/T1\T 114^7 3^38 
1^4V11N J 140 i-oooo 


14 


58 


23 


71 


42 


071 
U f 1 


7 4-0 1 

u.i it u.i 


n c4.f1 O 
U.O it u.z 


O R 4- O 3 
U.O it U.O 


PDfi 71 A CQ I 71 ACl 

bDO J 14oy-|- i 14U 


15 


03 


12 


-41 


54 




1.1 It u.z 


8 4-09 
U.o it U.Z 


7 4-0 3 
U. / it U.O 


P1\/T1\T 11^03 41^4 
1^4V11N JlOUO-4104 


15 


04 


30 


10 


28 


UUD 


1/14-09 
1.4 It U.Z 


10 4-09 
l.U it U.Z 


1 4- O 3 
l.U it U.O 


PDC Hc;044_109Q 
bDO J10U4-(-lUZy 


15 


07 


02 


42 


42 




O A 4- O 1 
U.O it U.l 


O K 4- O 9 
U.O it U.Z 


O £ 4- O 3 
U.O it U.O 


r'Pfi 11 ^OfiJ_/1930 

^ji30 jiouo+4zoy 


15 


07 


11 


-16 


53 




10 4-09 
1 .U It u.z 


fi 4- 9 
U.O It u.z 


O z, 4- O 3 
U.O It u.o 


PM1V 11^07 1(1^9 
.T4V11N JlOUf-lOOZ 


15 


10 


43 


-05 


40 




10 4-09 
1 .U It U.Z 


0/14-09 
U.4 it U.Z 


fi cxn q 
U.O it u.o 


PTVT1V T1MO 0^4 3 
1^4V11N J101U-U040 


15 


12 


41 


-09 


01 


907 
ZU I 


9 14-09 
Z.l it U.Z 


1.0 It u.z 


1 R _|_ 3 
1.0 it U.O 


1 lir 1^10 08 

uy ioiu-uo 


15 


13 


41 


-10 


13 




8 4-0 9 
U.o it U.Z 


O Q 4- O 3 

u.y it u.o 


8 4-03 
U.o it U.O 


P1\/T1\T 11^13 1019 
1^4V11N JIOIO-IUIZ 


15 


16 


43 


00 


13 


009 
uuz 


19 4-09 
l.Z It u.z 


1 CiflO 
1.0 It u.z 


O Q 4- O 3 
u.y it U.O 


PRfi Tis;i(5 4_ooi 

bDO JlOlO-hUUlO 


15 


16 


56 


19 


30 




U.O it u.z 


0^4-09 
U.O it u.z 


O R 4- O 3 
U.O it U.O 


PRfi 11^1 fi_i_1 Q39 

Vj-DO jioio-hiyoz 


15 


17 


40 


-24 


25 


205 


1.7 ± 0.2 


1.7 ± 0.2 


1.3 ± 0.3 


"Til\ /TT\T T1P"1T O/tOO 

PMN J 1517-2422 


15 


33 


50 


-22 


45 




0.2 ±0.2 


-0.2 ±0.2 


-0.2 ±0.3 


PMN J1534-2244 


15 


34 


53 


01 


20 




0.7 ±0.2 


0.6 ±0.2 


0.2 ±0.3 


GB6 J1534+0131 


15 


40 


51 


14 


47 




0.7±0.1 


0.5 ±0.2 


0.2 ±0.3 


GB6 J1540+1447 


15 


49 


12 


50 


34 




0.8 ±0.1 


0.4 ±0.2 


0.2 ±0.3 


GB6 J1549±5038 


15 


49 


32 


02 


36 


005 


2.1 ±0.2 


1.9 ±0.2 


1.8 ±0.3 


GB6 J1549+0237 


15 


50 


32 


05 


27 


007 


1.8 ±0.2 


1.8 ±0.2 


1.2 ±0.3 


GB6 J1550±0527 


15 


55 


07 


-79 


12 




0.5 ±0.2 


-0.1 ±0.2 


0.1 ±0.3 


PMN J1556-7914 


16 


02 


05 


33 


25 




0.5 ±0.2 


0.4 ±0.2 


0.6 ±0.3 


GB6 J1602±3326 


16 


03 


58 


57 


18 




0.5 ±0.1 


0.6 ±0.2 


0.4 ±0.3 


GB6 J1604±5714 


16 


08 


43 


10 


30 


009 


1.3 ±0.1 


1.2 ±0.2 


0.6 ±0.3 


GB6 J1608+1029 


16 


13 


41 


34 


12 


023 


2.6 ±0.1 


2.2 ±0.2 


1.4 ±0.3 


GB6 J1613±3412 


16 


18 


37 


-77 


20 


183 


1.5 ±0.2 


1.2 ±0.2 


0.8 ±0.3 


PMN J1617-7717 
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RA [hms] 


Dec [dm] 


ID 


Q [Jy] 




V [Jy] 


W [Jy] 




5 GHz ID 


16 


20 


16 


41 


30 




0.4 ±0 


1 


U.4 It u.z 


9-1-0 
U.Z zt u 


q 


pofi 71(19^-1-/111/1 
vjrOD JlDZO-f-4104 


16 


32 


43 


82 


31 


07(1 
U ( 


1.2 ±0 


.1 


10-1-09 
1 .U It u.z 


7-1-0 
U.i ± u 


q 
.0 




16 


35 


19 


38 


08 


Oil 
Uoo 


3.1 ±0 


.4 


Q 9 -1- n A 
O.Z ± U.4 


O A -U 
Z.O zt U 


Q 
.0 


PUd 71 CQE1-1-1808 

boo JlOoO+ooUo 


16 


37 


38 


47 


15 




1.0 ±0 


.2 


U.o It u.z 


7-1-0 
U.I I u 


1 



PP.fi T1 P.'Z7J-A7~\ 7 
V 1 1 JO J 100 ( ~r4 111 


16 


38 


19 


57 


19 


O^d 
UOO 


1.4 ±0 


.1 


l.O It u.z 


11-1-0 
1.1 zt u 


q 
.0 


pjjfi 71(118-1-^790 
vjr-DO J10oo-|-0(ZU 


16 


42 


28 


68 


53 


OfiQ 

uoy 


2.0 ±0 


.1 


l.o It u.z 


l.o zt U 


9 


PRfi 71 fi/l9_Lfi8^fi 
vjr-DO J104Z-|-OoOO 


16 


42 


57 


39 


48 


01 ^ 
Uoo 


5.3 ±0 


.3 


t (14.(1 9 
O.U it U.o 


o.y zt u 


q 
o 


PDfi T1 R/19 I IQ/lfi 
vjr-DO J104Z4-oy4o 


16 


45 


42 


-77 


16 




0.5 ±0 


.2 


u.o it u.z 


U.4 zt u 


Q 
O 


P1\/T1\T 71(1/1/1 771c; 
rlvllN J 1044- ((10 


16 


48 


10 


-64 


35 




0.4 ±0 


.1 


(1 r -Lfi n 
U.O it u.z 


0/1-1-0 
U.4 zt U 


q 
o 


Pl\/fl\T 71fi/17 fi/117 
1^4V11N J 104 ( -040 ( 


16 


48 


14 


41 


02 




0.6 ±0 


.5 


O K 4- O A 
U.O It U.4 


9-1-0 
U.Z HZ u 


Q 
O 


PCS T1 RA8I/I1 0/L 
uDO J104OT4104 


16 


51 


11 


04 


58 


U1U 


1.0 ±0 


.2 


0^4-09 
U.O it U.Z 


1-1-0 
U. 1 zt u 


q 


PRC 71 cci 1 0/1 

Vj-DO J1001-|-U40y 


16 


53 


51 


39 


49 




0.6 ±0.4 


O fi 4- O A 
U.D it U.4 


9-1-0 
U.Z zt U 


q 
o 


PRfi T1 RKI-l 1Q/I c; 
bDO J100o4-oy40 


16 


58 


08 


07 


42 


ni i 

Ulo 


1.4 ±0 


.2 


1.0 It U.Z 


1.0 ±0 


.3 


PRd 71 CE8_I_07/1 1 
VjtJjO J100o~t-U(41 


16 


58 


10 


47 


31 




0.3 ±0 


.2 


9 4-0 9 
U.Z It u.z 


0.1 ±0 


.3 


PRC 71 (?C18-I_/17 C 17 
VjrlJO J100O-T4I0I 


16 


58 


11 


47 


52 




0.3 ±0 


.2 


4-0 9 
— U.U it U.Z 


0.0 ±0 


.3 




17 


00 


25 


68 


27 




0.5 ±0 


.2 


(1(14(19 
U.D it U.Z 


0.8 ±0 


.3 


PRfi 71 700-UK810 
OrSO J1(UU4-OooU 


17 


02 


56 


-62 


16 


1 Q8 

iyo 


1.3 ±0 


.1 


11-1-09 
1.1 It U.Z 


0.7 ±0 


.3 


PT\/T1\T 71701 (1919 
r4VllN J1(U0-0Z1Z 


17 


15 


53 


68 


38 




0.5 ±0 


.1 


(114.(19 
U.O it U.Z 


0.4 ±0 


.2 


PRC T1 71 (? 1 ((QIC 

OUO J 1 ( lO+OooO 


17 


19 


07 


17 


44 




0.5 ±0 


.2 


0/14-09 
U.4 it U.Z 


0.4 ±0 


.3 


PRC 71 71 Q_i_1 7/1 £ 

odd j i ( iy-hi ( 40 


17 


21 


55 


-61 


49 




0.4 ±0 


.2 


9 4-0 9 
U.Z it U.Z 


0.2 ±0 


.3 


PTVT1V 71 791 (11^/1 
r4VllN J1(Z1-0104 


17 


23 


07 


-64 


59 


iyo 


1.3 ±0 


.1 


10 4-09 
1 .U it U.Z 


0.9 ±0 


.3 


PT\/T1\T 71791 fi^OO 
1^4V11N J 1 ( ZO-OOUU 


17 


24 


04 


40 


00 




0.5 ±0 


.2 


0/14-09 
U.4 it U.Z 


0.3 ±0 


.3 


PRC 71 79/1 _i_/l 00/1 
ODD J 1 ( Z44-4UU4 


17 


27 


10 


45 


30 


0/1 1 
U4o 


0.7±0 


.1 


O Q 4- O 9 

u.y it u.z 


0.7 ±0 


.3 


PRC 71797 1 A ^10 
ODD J 1 ( Z ( 4-400U 


17 


28 


25 


04 


28 




1.0 ±0 


.2 


10 4-09 
1 .U It u.z 


0.6 ±0 


.3 


PRfi 71 798-l-0zL9fi 


17 


28 


37 


12 


15 




0.3 ±0 


.2 


—0.1 ± 0.2 


-0.5 ±0.3 


GBo J1728+1215 


17 


34 


28 


38 


57 


038 


1.1 ±0 


.2 


1.0 ±0.2 


0.8 ±0 


.3 


GB6 J17344-3857 


17 


35 


14 


-79 


33 


186 


0.8 ±0 


.1 


0.6 ±0.2 


0.4 ±0 


.3 


PMN J1733-7935 


17 


36 


04 


36 


19 




0.5 ±0 


.1 


0.2 ±0.2 


0.3 ±0 


.3 


GB6 J1735+3616 


17 


37 


00 


06 


22 




0.6 ±0 


.2 


0.6 ±0.2 


0.3 ±0 


.3 


GB6 J1737+0620 


17 


37 


54 


-56 


34 




0.5 ±0 


.2 


0.3 ±0.2 


0.6 ±0 


.3 


PMN J1737-5633 


17 


40 


11 


47 


40 




0.6 ±0 


.1 


0.5 ±0.2 


0.8 ±0 


.3 


GB6 J1739+4738 


17 


40 


30 


52 


10 


048 


1.1 ±0 


.1 


0.9 ±0.2 


0.6 ±0 


.3 


GB6 J1740+5211 


17 


49 


00 


70 


03 


068 


0.4 ±0 


.2 


0.6 ±0.2 


0.7 ±0 


.2 


GB6 J1748±7005 


17 


51 


32 


09 


39 




4.4 ±0 


.2 


4.3 ±0.2 


3.4 ±0 


.3 


GB6 J1751+0938 


17 


53 


23 


44 


08 




0.4 ±0 


.2 


0.6 ±0.2 


0.5 ±0 


.3 


GB6 J1753+4410 


17 


53 


50 


28 


50 


022 


1.6 ±0 


.1 


1.5 ±0.2 


0.7 ±0 


.3 


GB6 J1753+2847 


17 


56 


41 


15 


36 




0.5 ±0 


.1 


0.2 ±0.2 


0.3 ±0 


.3 


GB6 J1756+1535 



- 162 - 



Table 19 — Continued 



RA [hms] 


Dec [dm] 


ID 


Q [Jy] 


V [Jy] 


W [Jy] 


5 GHz ID 


17 


58 


22 


66 


37 


or/i 

U04 


n r -i- o 1 


0^4-09 
U.O it U.Z 


O fi 4- O 9 
U.O it U.Z 


PRC T^^S-Lfifi^a 
Lt-DO JliOo-hOOOo 


18 


00 


19 


38 


48 




o r 4- o 1 


O "i 4- O 9 
U.O it U.Z 


O 9 4- O 
U.Z it U.O 


PRC TlfiOOx'iS/IS 
^jt-DO J1oUU+Oo4o 


18 


00 


42 


78 


27 


079 
U f z 


i c _i_ o i 

1.0 ± U.l 


1 R 4- O 9 
1.0 it U.z 


1 9 4- O Q 
l.Z it U.O 


1 "Nr 1 80Qj_78 
1 Jy I0UO+ 1 o 


18 


01 


25 


44 


04 




1.44 It U.Z 


19 4-09 
l.Z It U.Z 


O 7 4- O 3 
U. / It U.O 


PRC T1 801 4-A/lO/l 
U-DU J1oU1t44U4 


18 


03 


22 


-65 


09 


1 QQ 

iyy 


U.O It u.z 


0^4-09 
U.O It U.Z 


O 8 4- O 3 
U.O It U.O 


PA/TIM 11803 R^.07 
X1V11N JIOUO-OOU/ 


18 


06 


47 


69 


48 


0R7 


1 o 4- n 1 

1 .Z It U.l 


114-09 
1.1 it U.Z 


7 4-0 9 
U. / it U.Z 


PRC T180R4-RQ/IQ 

Lt-do Jiouo-poy4y 


18 


08 


35 


45 


43 




U.D it U.Z 


0^4-09 
U.O it U.Z 


O 9 4- O 
U.Z it U.O 


PRC Ti 8084-/1 KAO 
bDD JloUo-(-404Z 


18 


12 


10 


06 


49 




n r -A- o 9 

U.D it U.Z 


O R 4- O 9 
U.O it U.Z 


O K 4- O 
U.O it U.O 


PRC TISIO-LORm 
LiDO JlolZ^UOOl 


18 


20 


03 


-63 


48 


ZUU 


u.y it u.z 


10 4-09 
l.U It U.Z 


O 7 4- O 3 
u. i m u.o 


PA/TN T181Q R^zl^ 
X1V11N Jloiy-0040 


18 


20 


08 


-55 


18 




n r 4- n 9 

U.D It U.Z 


0^4-09 
U.O It U.Z 


U.O It U.O 


PA/TN T1 81 Q ^91 

xiviiN jioiy-oozi 


18 


22 


41 


15 


56 




n a -4- o 9 
U.4 It u.z 


O 4- O 9 
U.O it U.Z 


O 1 4- O "i 
— U.l it u.o 


PRC T1 8994-1 ROO 
bDO JloZZ-t-lOUU 


18 


22 


58 


68 


54 




U.O it U.Z 


9 4-0 9 
U.Z it U.Z 


O O 4- O 3 
U.U it U.O 


PRC TI 89'?4_R8 lr ;7 
bDO JloZO^OoO/ 


18 


23 


59 


56 


51 


o^ 

UOO 


1 9 4- n 1 

1 .Z It U.l 


10 4-09 
l.U it U.Z 


O 7 4- O "} 

v.i it u.o 


PRC T189/1_l_^fi^0 
Lt-DO J1oZ4-(-OOOU 


18 


29 


40 


48 


44 


oar 
u4o 


9 q _i_ n 1 
Z.O It U.l 


17 4-09 
1. / it U.Z 


1 94(1'! 
l.Z It U.O 


PRC TI 89Q4-/L8/L/L 
u-Du jiozy-r4o44 


18 


33 


02 


28 


36 




U.Z It U.l 


14-09 
U.l it U.Z 


O 1 4- O 
— U.l it U.O 


PRC TI 8'?94-98'?'? 
bDD JloOZ + ZoOO 


18 


•34 


33 


-58 


56 




U.O it U.l 


O £ 4- O 9 
U.O it U.Z 


O A 4- O Q 
U.4 it U.O 


PA/TAT T1 8Q/I £8£fi 
rlvllN Jlo04-0o00 


18 


35 


05 


32 


37 




n r 4- n 1 

U.D it U.l 


O A 4- O 9 
U.4 it U.z 


O 1 4- O Q 
U. 1 it U.O 


PRC TI 8*3 £ J_Q9/1 1 
^j-t>0 Jlo00 + 0z41 


18 


•37 


37 


-71 


08 


1 00 

iyz 


114-01 
1.1 it U.l 


1 O 4- O 9 
l.U it U.z 


O 8 4- O Q 
U.o it U.O 


PA/TAT T1 8Q7 71 08 
rlvllN JI0O/-/IU0 


18 


41 


35 


G8 


09 


orr 

UOO 


n s 4- n 9 

U.O It u.z 


O K 4- O 9 
U.O It u.z 


O fi 4- O 3 
U.O It U.O 


PRC T18/L94-R80Q 
u I Mj Jlo4Z^OoUy 


18 


42 


13 


79 


45 


U 1 


n ex n o 

U.D it U.Z 


O P. 4- O 9 
U.O it U.Z 


O 9 4- O 
U.Z it U.O 


1 Tir 1 8/I ^4-70 

1 jy io40~t- ( y 


18 


48 


21 


32 


20 




U.O ± U.l 


O A 4- O 9 
U.4 it U.z 


O O 4- O Q 

u.y ± u.o 


PRC T18/18j_Q910 
IjTjO Jlo4o+0ziy 


18 


49 


24 


07 


04 


or^ 

UOO 


9 4-09 
Z.U It U.Z 


10 4-09 

i.y it u.z 


1.0 it U.O 


PRC T18/1Q^R70 C ; 
bDO Jlo4y-(-0/UO 


18 


50 


04 


28 


25 


098 

UZo 


0/14-01 
U.4 it U.l 


0/14-09 
U.4 It U.Z 


O 9 4- O "i 
U.Z it U.O 


PRC TI 8^04-989^ 
Lt-DD JloOU-f-ZoZO 


18 


53 


41 


33 


03 




Q 4- 9 
U.O It U.Z 


O ■} 4- O 9 
U.O It u.z 


n i 4- n q 

— U.l It U.O 


PRC TI S^-L^OI 

UDU JloOO-rOOUl 


18 


55 


03 


73 


54 




0.5 ± 0.2 


0.4 ± 0.2 


0.1 ± 0.3 


GB6 J1854±73ol 


19 


03 


13 


31 


57 


034 


0.4 ±0.1 


0.4 ±0.2 


0.2 ±0.3 


GB6 J1902+3159 


19 


11 


11 


-20 


07 




2.4 ±0.2 


2.3 ±0.2 


2.0 ±0.3 


PMN J1911-2006 


19 


12 


37 


37 


45 




0.4 ±0.2 


0.1 ±0.2 


0.1 ±0.3 


GB6 J1912+3740 


19 


13 


27 


-80 


07 




0.5 ±0.2 


0.3 ±0.2 


0.0 ±0.3 


PMN J1912-8010 


19 


17 


49 


-19 


30 




0.3 ±0.3 


0.0 ±0.3 


0.1 ±0.4 


PMN J1917-1921 


19 


17 


51 


55 


20 




0.3 ±0.1 


0.1 ±0.2 


0.1 ±0.3 


GB6 J1918+5520 


19 


23 


30 


-21 


05 


008 


2.3 ±0.2 


2.3 ±0.2 


1.5 ±0.3 


PMN J1923-2104 


19 


24 


50 


-29 


14 




11.7±0.2 


11.0±0.2 


7.7 ±0.3 


PMN J1924-2914 


19 


27 


18 


61 


18 


059 


0.9 ±0.1 


0.7±0.2 


0.5 ±0.3 


GB6 J1927+6117 


19 


27 


43 


74 


02 


070 


2.3 ±0.1 


2.2 ±0.2 


1.2 ±0.3 


GB6 J1927+7357 


19 


28 


22 


32 


43 




0.3 ±0.1 


0.1 ±0.2 


-0.0 ±0.3 


GB6 J1927+3236 


19 


3G 


54 


-39 


54 




1.1 ±0.2 


0.9 ±0.2 


1.1 ±0.3 


PMN J1937-3957 
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RA [hms] 


Dec [dm] 


ID 


Q [Jy] 


V [Jy] 


W [Jy] 


5 GHz ID 


19 


38 


15 


04 


52 




0.3 ±0.2 


0.2 ±0.2 


-0.2 ±0.3 


GB6 J1938±0448 


19 


39 


34 


-15 


2G 




0.5 ±0.2 


0.5 ±0.2 


0.6 ±0.3 


PMN J1939-1525 


19 


41 


08 


45 


59 




-0.1 ±0.2 


-0.2 ±0.2 


-0.3 ±0.3 


GB6 J1940±4605 


19 


45 


26 


-55 


28 




0.4 ±0.2 


0.1 ±0.2 


-0.4 ±0.3 


PMN J1945-5520 


19 


55 


50 


51 


33 


051 


0.8 ±0.1 


0.7 ±0.2 


0.6 ±0.3 


GB6 J1955±5131 


19 


■58 


03 


-38 


45 


003 


2.7±0.2 


2.2 ±0.2 


1.3 ±0.3 


PMN J1957-3845 


20 


00 


54 


-17 


4G 


Oil 


1.7±0.2 


1.7±0.2 


1.2 ±0.3 


PMN J2000-1748 


20 


02 


52 


14 


58 




0.2 ±0.2 


0.2 ±0.2 


-0.2 ±0.3 


GB6 J2002+1501 


20 


04 


14 


77 


4G 




0.9 ±0.1 


0.6 ±0.2 


0.4 ±0.3 


Uy 2007+77 


20 


06 


49 


G4 


22 




0.5 ±0.1 


0.5 ±0.2 


0.2 ±0.2 


GB6 J2006±6424 


20 


07 


01 


66 


10 




0.4 ±0.1 


0.4 ±0.2 


0.1 ±0.3 


GB6 J2007±6607 


20 


08 


59 


-48 


51 




0.7±0.2 


0.6 ±0.2 


0.1 ±0.3 


PMN J2009-4849 


20 


10 


18 


72 


33 




0.9 ±0.1 


0.6 ±0.2 


0.8 ±0.3 


GB6 J2009±7229 


20 


11 


15 


-15 


45 


014 


1.6 ±0.2 


1.0 ±0.2 


0.8 ±0.3 


PMN J2011-1546 


20 


22 


20 


61 


40 


063 


1.0 ±0.1 


0.6 ±0.2 


0.1 ±0.3 


GB6 J2022+6137 


20 


22 


46 


76 


09 




0.2 ±0.2 


0.2 ±0.2 


0.1 ±0.3 




20 


23 


2G 


54 


30 




0.4 ±0.2 


0.5 ±0.2 


0.5 ±0.3 


GB6 J2023±5427 


20 


25 


41 


-07 


32 




0.9 ±0.2 


1.0 ±0.2 


0.6 ±0.3 


PMN J2025-0735 


20 


31 


49 


12 


15 




0.5 ±0.2 


0.5 ±0.2 


0.5 ±0.3 


GB6 J2031±1219 


20 


35 


28 


-68 


42 


194 


0.6 ±0.1 


0.5 ±0.2 


0.6 ±0.3 


PMN J2035-6846 


20 


5G 


10 


-47 


14 


208 


2.1 ±0.2 


2.1 ±0.2 


1.5 ±0.3 


PMN J2056-4714 


20 


56 


40 


-32 


06 




0.6 ±0.2 


0.5 ±0.2 


0.6 ±0.3 


PMN J2056-3207 


21 


01 


25 


03 


40 




0.4 ±0.2 


0.7 ±0.2 


0.6 ±0.4 


GB6 J2101±0341 


21 


05 


41 


-78 


23 




0.5 ±0.2 


0.6 ±0.2 


0.4 ±0.3 


PMN J2105-7825 


21 


07 


05 


-25 


25 




0.5 ±0.2 


0.5 ±0.2 


0.1 ±0.3 


PMN J2107-2526 


21 


09 


22 


35 


32 


049 


0.8 ±0.2 


0.5 ±0.2 


0.3 ±0.3 


GB6 J2109±3532 


21 


09 


24 


-41 


08 


001 


1.1 ±0.2 


0.8 ±0.2 


0.7 ±0.3 


PMN J2109-4110 


21 


14 


56 


-80 


53 




0.5 ±0.1 


0.4 ±0.2 


0.2 ±0.3 


PMN J2116-8053 


21 


19 


39 


-80 


56 




0.3 ±0.1 


0.2 ±0.2 


0.4 ±0.3 


PMN J2116-8053 


21 


20 


10 


32 


19 




-0.0 ±0.2 


-0.2 ±0.2 


-0.2 ±0.3 




21 


22 


42 


38 


02 




0.1 ±0.1 


-0.0 ±0.2 


-0.0 ±0.3 


GB6 J2122+3754 


21 


23 


43 


05 


34 


027 


1.2 ±0.2 


0.9 ±0.2 


0.5 ±0.3 


GB6 J2123±0535 


21 


29 


13 


-15 


39 




0.4 ±0.2 


0.2 ±0.2 


0.4 ±0.3 


PMN J2129-1538 


21 


31 


37 


-12 


07 


017 


2.0 ±0.2 


1.6 ±0.2 


0.6 ±0.3 


PMN J2131-1207 


21 


33 


34 


38 


02 




0.1 ±0.1 


0.1 ±0.2 


-0.1 ±0.3 


GB6 J2133±3812 


21 


34 


07 


-01 


54 


020 


1.7 ±0.2 


1.5 ±0.2 


1.3 ±0.3 


PMN J2134-0153 


21 


36 


40 


00 


41 


025 


3.2 ±0.2 


1.9 ±0.2 


1.0 ±0.3 


GB6 J2136±0041 
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Table 19 — Continued 



RA [hms] 


Dec [dm] 


ID 


Q [Jy] 


V[Jy] 


W [Jy] 


5 GHz ID 


21 


37 


35 


36 


59 




0.3 ±0.1 


-0.0 ±0.2 


0.2 ±0.3 




21 


39 


05 


14 


24 


041 


1.2 ±0.1 


1.0 ±0.2 


0.8 ±0.3 


GB6 J2139+1423 


21 


43 


12 


17 


44 


044 


0.3 ±0.2 


0.5 ±0.2 


0.3 ±0.3 


GB6 J2143+1743 


21 


47 


15 


09 


30 




0.7 ±0.3 


0.6 ±0.2 


0.7 ±0.3 


GB6 J2147+0929 


21 


47 


31 


-78 


02 


184 


0.5 ±0.2 


0.6 ±0.2 


0.1 ±0.3 


PMN J2 146-7755 


21 


48 


05 


06 


57 


037 


6.1 ±0.2 


5.7±0.2 


4.2 ±0.3 


GB6 J2148+0657 


21 


48 


47 


-75 


37 




0.4 ±0.1 


0.2 ±0.2 


-0.0 ±0.3 


PMN J2147-7536 


21 


51 


53 


-30 


27 




1.2 ±0.2 


1.3 ±0.2 


0.8 ±0.3 


PMN J2151-3028 


21 


55 


03 


22 


59 




0.4 ±0.2 


0.1 ±0.2 


-0.1 ±0.3 


GB6 J21554-2250 


21 


57 


08 


-69 


40 


190 


2.3 ±0.1 


1.7±0.2 


1.2 ±0.3 


PMN J2157-6941 


21 


58 


10 


-15 


02 


018 


1.5 ±0.2 


1.3 ±0.2 


0.9 ±0.3 


PMN J2158-1501 


22 


03 


13 


31 


4G 


054 


2.1 ±0.1 


1.7±0.2 


0.8 ±0.3 


GB6 J2203+3145 


22 


03 


23 


17 


2G 


045 


1.4 ±0.2 


1.2 ±0.2 


0.9 ±0.3 


GB6 J2203+1725 


22 


06 


08 


-18 


38 


016 


0.9 ±0.2 


0.9 ±0.2 


0.6 ±0.3 


PMN J2206-1835 


22 


07 


52 


-53 


43 




0.8 ±0.2 


0.5 ±0.2 


0.3 ±0.3 


PMN J2207-5346 


22 


11 


55 


23 


56 


050 


0.9 ±0.2 


0.9 ±0.2 


0.9 ±0.3 


GB6 J22124-2355 


22 


18 


57 


-03 


34 


030 


1.2 ±0.4 


1.1 ±0.3 


0.4 ±0.4 


PMN J2218-0335 


22 


25 


29 


21 


18 




1.0 ±0.2 


0.8 ±0.2 


1.0 ±0.3 


GB6 J22254-2118 


22 


25 


44 


-04 


57 


029 


4.8 ±0.2 


4.3 ±0.2 


3.2 ±0.3 


PMN J2225-0457 


22 


29 


41 


-08 


2G 


024 


2.2 ±0.2 


2.1 ±0.2 


0.8 ±0.3 


PMN J2229-0832 


22 


29 


4G 


-20 


48 




0.7 ±0.2 


0.5 ±0.2 


1.0 ±0.3 


PMN J2229-2049 


22 


30 


22 


-13 


2G 




0.5 ±0.2 


0.3 ±0.2 


0.1 ±0.3 


PMN J2230-1325 


22 


32 


03 


11 


42 


047 


2.7 ±0.2 


2.6 ±0.2 


1.9 ±0.3 


GB6 J22324-1143 


22 


35 


21 


-48 


38 


206 


1.6 ±0.2 


1.4 ±0.2 


1.5 ±0.3 


PMN J2235-4835 


22 


36 


22 


28 


31 


057 


1.1 ±0.2 


0.8 ±0.2 


0.8 ±0.3 


GB6 J2236+2828 


22 


39 


30 


-57 


06 


201 


0.7 ±0.2 


0.7±0.2 


0.7 ±0.3 


PMN J2239-5701 


22 


4G 


24 


-12 


08 


021 


1.8 ±0.2 


1.3 ±0.2 


0.6 ±0.3 


PMN J2246-1206 


22 


53 


5G 


16 


08 


055 


10.2 ±0.2 


11.4±0.2 


10.6 ±0.3 


GB6 J2253+1608 


22 


55 


05 


42 


02 




0.5 ±0.1 


0.3 ±0.2 


-0.5 ±0.3 


GB6 J22554-4202 


22 


56 


54 


-20 


12 


019 


0.5 ±0.2 


0.4 ±0.2 


0.3 ±0.3 


PMN J2256-2011 


22 


57 


58 


-27 


57 


012 


3.6 ±0.2 


3.4 ±0.2 


2.6 ±0.3 


PMN J2258-2758 


23 


01 


40 


37 


32 




0.5 ±0.2 


0.5 ±0.2 


0.2 ±0.3 


GB6 J23014-3726 


23 


03 


00 


-18 


38 




0.5 ±0.2 


0.4 ±0.2 


0.4 ±0.3 


PMN J2303-1841 


23 


03 


45 


-68 


05 




0.7 ±0.1 


0.4 ±0.2 


0.3 ±0.3 


PMN J2303-6807 


23 


11 


00 


34 


23 




0.7 ±0.2 


0.4 ±0.2 


0.4 ±0.3 


GB6 J23114-3425 


23 


12 


12 


45 


34 




0.3 ±0.1 


-0.1 ±0.2 


-0.9 ±0.3 


GB6 J23114-4543 


23 


13 


23 


72 


47 




0.3 ±0.1 


0.4 ±0.2 


-0.0 ±0.3 


GB6 J2312+7241 
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D. Smoothed Noise 

We use maps that have been smoothed to a common resolution for several WMAP 
analyses. This appendix discusses how much the smoothing reduces the random instrument 
noise. This smoothing also correlates the noise between pixels. Here, we only calculate the 
diagonal elements of the noise covariance matrix in pixel space; the correlations are beyond 
the scope of this appendix. Also, the noise calculated here should be added in quadrature 
to the 0.2% WMAP calibration error. 



For discussing beam smoothing, we use the same notation as Equation (4) of iHill et al. 



((20091). 

B l = Q B b l = 2nJ b(9)P l (cos9) dcos6. (Dl) 

In this case, we use the beam to describe the additional smoothing that we apply to the map 
to bring the total smoothing up to 1 degree FWHM. 

The pixel temperature value, j^ onvol ; in a convolved map is a weighted sum of the nearby 
pixel values, 

T ™i = ^ w . pT . ; (m) 

i 

where Wi )P gives the weight that each original pixel with index i gives to convolved pixel 
p. The weights Wi tP define the beam used for smoothing. From this formula and a noise 
estimate in the original pixels, we propagate errors directly, assuming uncorrelated noise in 
the original pixels. 

a 2 (T™^)=J2< P ATi): (D3) 

i 

where cx 2 (T p convo1 ) is the noise variance in the convolved pixel p and <r 2 (Tj) is the noise variance 
in the original pixel i. 

The noise in each convolved pixel can be rapidly computed by smoothing a map of 
unsmoothed noise variance values, <J 2 /N Q ^ Sti . However, the smoothing must be done using 
the squared weights, which requires determining the Legendre transform of the beam once 
it has been squared in real space, b{6) 2 . 

fi' 6 6j = 2n j b 2 (9)Pi(cos9) dcos9. (D4) 

The values for the required beam smoothing, fl'^, can be computed numerically by calculat- 
ing b{9) on a one-dimensional finely spaced grid in 6, squaring it, and computing the above 
integral as a sum. 
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Table 19 — Continued 



RA [hms] 


Dec [dm] 


ID 


Q [Jy] 




V [Jy] 


W [Jy] 


5 GHz ID 




23 


15 


14 


-31 


37 




0.5 ±0, 


2 


0.5 ±0.2 


-0.0 ±0.3 


PMN J2314-3138 




23 


15 


42 


-50 


14 


204 


0.5 ±0. 


.1 


0.5 ±0.2 


-0.1 ±0.3 


PMN J2315-5018 




23 


22 


05 


51 


00 




5 + 


I 


5 + 09 


1+03 


(4Rfi T9399+5057 




23 


22 


06 


27 


2G 




0.4 ±0 


.2 


0.3 ±0.2 


0.6 + 0.3 


GB6 J2322+2732 


a 


23 


23 


35 


-03 


21 




0.6 ±0. 


.2 


0.7 ±0.2 


0.2 ±0.3 


PMN J2323-0317 




23 


27 


33 


09 


40 




1.2 ±0. 


.2 


0.8 ±0.2 


0.8 ±0.3 


GB6 J2327+0940 




23 


29 


19 


-47 


2G 




1.3 ±0. 


.2 


0.7±0.2 


0.8 ±0.3 


PMN J2329-4730 




23 


30 


32 


11 


02 




0.5 ±0. 


.2 


0.7±0.2 


0.3 ±0.3 


GB6 J2330+1100 




23 


31 


38 


-15 


55 


032 


0.4 ±0. 


.2 


0.5 ±0.2 


0.5 ±0.3 


PMN J2331-1556 




23 


33 


39 


-23 


41 




0.9 ±0. 


.2 


0.6 ±0.2 


0.4 ±0.3 


PMN J2333-2343 


a 


23 


35 


41 


-52 


48 


195 


0.5 ±0. 


1 


0.2 ±0.2 


0.1 ±0.3 


PMN J2334-5251 




23 


4G 


55 


09 


30 




0.5 ±0, 


2 


0.4 ±0.2 


0.3 ±0.3 


GB6 J2346+0930 


a 


23 


48 


02 


-16 


31 


039 


1.8 ±0. 


.2 


1.7±0.2 


1.0 ±0.3 


PMN J2348-1631 




23 


54 


18 


45 


54 


074 


0.8 ±0. 


.2 


0.8 ±0.2 


0.9 ±0.3 


GB6 J2354+4553 




23 


55 


23 


49 


46 


075 


0.3 ±0. 


.2 


0.1 ±0.2 


0.6 ±0.3 


GB6 J2355+4950 


a 


23 


57 


18 


-68 


19 




0.4 ±0. 


1 


0.0 ±0.2 


-0.1 ±0.3 


PMN J2356-6820 




23 


57 


30 


81 


53 




0.5 ±0. 


1 


0.7±0.2 


0.6 ±0.3 


NVSS J2356+8152 




23 


57 


49 


-45 


57 




0.2 ±0. 


.2 


0.2 ±0.2 


0.2 ±0.3 


PMN J2358-4555 




23 


57 


52 


-53 


09 


189 


1.6 ±0. 


.1 


1.2 ±0.2 


1.0 ±0.3 


PMN J2357-5311 




23 


58 


56 


-60 


56 


187 


1.0 ±0. 


.1 


0.6 ±0.2 


0.1 ±0.3 


PMN J2358-6054 




23 


59 


43 


39 


18 




0.5 ±0. 


.2 


0.3 ±0.2 


-0.1 ±0.3 


GB6 J2358+3922 


a 



indicates the source has multiple possible identifications. 
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The above description of smoothed noise assumes it will be reported in a map with a 
pixel size much smaller than the beam size. In the opposite case, where the final pixel size 
is much larger than the beam size, the noise can be averaged down ignoring the beam, since 
the effect of the beam will be small. However, there is an intermediate case where the pixel 
size and beam size are comparable, such as with r6 maps of 1 degree smoothed data. In 
this case, a more careful treatment of the pixel window function could be useful. Instead 
of approximating the pixel window function as an azimuthally symmetric beam, we take a 
more brute-force approach, outlined below. 

We have r9 maps of iV" b s ,i. Suppose we want to know the noise properties of the 
corresponding temperature map smoothed to 1 degree FWHM and then degraded to r6. To 
determine this, we calculate the real-space smoothing function needed to bring the beam 
smoothing up to 1 degree; we call this b(9). This will be a 1 degree FWHM beam b\ divided 
by the WMAP instrument beam b u { for that DA. We approximate b{9) numerically by finding 
the Legendre transform of the needed smoothing, b\ = b\jb\, on a one-dimensional list of 
angles 9. Then, for each r6 pixel, we find all r9 pixels within 2 degrees of the r6 pixel center. 
We determine the weights Wi tP , where i is an index over r9 pixels within 2 degrees of the r6 
pixel center, and p is an index over r9 pixels inside the r6 pixel. As before, we have 



where 9^ p is the angle between the centers of pixels i and p, and the weights have been 
rescaled so that £\ w iiP = 1. The radius of two degrees was chosen so that noise outside of 
that circle would be negligibly averaged into the r6 pixel, given our beam smoothing size. 

Since the noise for the r9 pixels of the smoothed map is averaged into an r6 pixel, we 
must account for this in our error propagation. We assume flat weighting for the degrade 
from r9 to r6, in the following description. There are 64 r9 pixels in an r6 pixel. The 
temperatures (pixels with index p) are averaged into an r6 pixel (with index q) as 




(D5) 




(D6) 



v 



The formula for propagation of errors is 




(D7) 



which then becomes 
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Alternatively, we can quote an effective N^ s value for a r6 pixel as 




Since this is the number more commonly reported in our data files, we use this. 

There appear to be artifacts in these N^ sq maps. This is most readily visible when 
a simple binned version of A^ b S)9 which ignores the effects of smoothing is divided out. In 
this case, the above noise propagation predicts what appears to be suppressed noise levels 
(greater iV b s ) near the edges of the base tiles in the polar cap regions of the HEALPix 
pixelization. 

These results can be verified by creating white noise realizations at r9, smoothing them, 
binning them to r6, and then checking the variance of the noise in each pixel. When this 
comparison is done, some of these artifacts remain in these simulations as well, so it appears 
the pixelization (slightly varying pixel shapes) is causing a real effect in the smoothed noise. 
The fluctuations that appear to be due to the HEALPix pixelization are on order of 10% in 
A^bs.q in ah bands. 

The median values of iV bs,g over the whole sky for the two approaches (white noise sims 
vs. the above propagation of errors) differ by about 5% at K-band (where the additional 
smoothing is smallest), and roughly 1% in other bands. The above propagation of errors 
appears to underestimate the noise slightly (overestimate iV b Si9 ). 



E. Bandpass Integration 



In this section w e first discuss the full integration over the bandpass based on data from 
Jarosik et al.l (j2003af ) . and then we discuss a useful approximation to that integration based 
on three frequencies in each band. This is the approximation used for foreground fitting in 
Section 15.3.61 

The full integration of different foreground spectra over the WMAP bandpasses ca n 
be done as follows, based on the description of the radiometers in iJarosik et al.l (j2003al ). 
After computing r avg (z/j) from Equation (46) of that paper using the discretized bandpass 
measurements, we combine the measurements as if we were doing an unweighted average of 
the maps in thermodynamic temperature, as follows. First, we normalize the bandpass for 
each radiometer so that 

J> avg (^) = l (El) 
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We note the small shift in bandpass that we describe in Appendix |A] Then, we interpo- 
late the foreground spectrum onto the specific frequencies at which the WMAP bands were 
measured, u i: average the frequency over the spectrum, and convert from antenna to thermo- 
dynamic temperature. The measured foreground thermodynamic temperature response to a 
foreground spectrum f{u) given in antenna temperature, averaged over all the radiometers 
in one WMAP band, is 

I radiometers / \ 

Tband[/(^)] = " ^ T « V ? f( 1 'i) ( E2 ) 

-^radiometers • , W (l^ij 

3=1 i 

where w'(y) is as defined in lJarosik et al. d2003ah : it is the derivative of the single-polarization 



Planck spectrum with respect to temperature, divided by k-Q to make it unitless. It depends 
on both CMB temperature and frequency, but the derivative is taken with respect to CMB 
temperature. 

, s hv hv , . 

«M - —I X ~ ~k~7f 



w\u) 



dw{y) 



(E4) 

T=TqmB ^ > 



ks dT 

Note that this assumes an unweighted average of the maps. If we were to do an optimal 
weighted average, the total bandpass would have some small spatial dependence with pixel, 
as the number of observations varies between DAs. 

In practice, it is the complexity and shape of the foregrounds that limits the foreground 
fitting. The detailed b andpa ss discussion above is more accurate, but fast approximations are 



useful. iJarosik et al.l ( l2003af ) provides a useful approximation given by Equation (50) of his 
paper for spectra that are power laws in antenna temperature. This allows one to determine 
the effective frequency of the bandpass and therefore rapidly calculate the measured antenna 
temperature from the power law. However, power laws are always concave upward on a plot 
of antenna temperature as a function of frequency with both axes linear. Since we also want 
to fit a spinning dust spectrum which is concave downward, we invent another approximation. 

Instead of doing the full integration discussed above for each band, this approximation 
only requires a weighted average of the antenna temperature at three frequencies. The 
thermodynamic temperature measured by WMAP in a specific band is approximated as 

AT 3 

T = AT-I>i r A( 1 '*) (E5) 

where Ta{vi) is the antenna temperature foreground spectrum measured at frequencies Ui, 
and AT/ATa is the conversion from antenna to thermodynamic temperature. The frequen- 
cies and weights used are in Table |20j The weights are chosen so that any spectrum that is 
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a second order polynomial in antenna temperature will have its integral evaluated exactly 
(to the accuracy with which the bandpasses were measured). These weights are therefore 
including information about the full shape of the bandpass. We do not expect to have spec- 
tra that are second order polynomials; most of the antenna temperature spectra are either 
power laws (rarely with powers of precisely 0, 1, or 2) or special fitting functions, but they 
can typically be approximated well as a smooth quadratic over the width of the WMAP 
bandpasses. The fitting frequencies are somewhat arbitrary. They were chosen by taking a 
canonical center frequency for each band and two frequencies about 9% higher and lower. 
Then they were adjusted by hand so that the weights were roughly equal and so the frequen- 
cies were multiples of 0.1 GHz. Further adjustment could be done, but the current numbers 
appear to work well. Because of this arbitrariness of the frequencies in Table [201 they should 
not be taken to be a meaningful representation of the center or width of the bandpass. 

The error in this approximation is typically less than the WMAP calibration error of 
0.2%, for smooth spectra such as power laws. In Q band, for low frequency scale factors, 
the error in the spinning dust spectrum can be on order of 1%. However, it is not clear that 
we know the shape of the spinning dust spectrum to that accuracy. This is intended to be a 
rapid and reasonably accurate way of integrating over the WMAP bands. If more accurate 
methods are needed, such as for very steep spectra or for spectra with emission lines, then 
a full integration over the bandpass should be done. 
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Table 20. Interpolation data a for T = (AT/AT A ) WiT A {y$ 



Band 




7/ b 


u b 

^3 




w 2 


w 3 


AT/AT A C 


K 


20.6 


22.8 


24.9 


0.332906 


0.374325 


0.292768 


1.013438 


Ka 


30.4 


33.0 


35.6 


0.322425 


0.387532 


0.290043 


1.028413 


Q 


37.8 


40.7 


43.8 


0.353635 


0.342752 


0.303613 


1.043500 


V 


55.7 


60.7 


66.2 


0.337805 


0.370797 


0.291399 


1.098986 


W 


87.0 


93.5 


100.8 


0.337633 


0.367513 


0.294854 


1.247521 



a As stated in the text, the frequencies shown here have an arbitrariness 
that prevents them from being a meaningful representation of the center 
frequency or width of the WMAP bandpasses. The weights Wi account 
for this arbitrariness; they make the overall approximation accurate. The 
weights and conversion factors are given to a precision of about 6 sig- 
nificant figures. Our approximation is not that accurate; we provide this 
precision to allow people to more easily reproduce our results and to make 
round-off error negligible. 

frequencies are given in GHz. 

c This is the antenna to thermodynamic conversion for an unweighted 
average of radiometers, which should be used for this approximation. 
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